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Distribution of Thallium in Soil and Plants 
Growing in the Keban Mining District of Turkey 
and Determined by ICP-MS 

*Ahmet Sasmaz 3 , Ozlem Sen 3 , Gokce Kaya b , Mehmet Yaman b , and Ahmet Sagiroglu 3 
3 Firat University, Department of Geology, 23119 Elazig, Turkey 
b Firat University, Science and Arts Faculty, Department of Chemistry, Elazig, Turkey 


INTRODUCTION 

With respect to degree of toxic¬ 
ity, T1 ranks alongside Pb, Hg, and 
Cd. Thallium is emitted into the 
environment due to lead, zinc, and 
similar mining activities. Studies 
with regard to T1 concentrations in 
environmental and plant samples 
are relatively new and rare (1). 
Plants may also serve as biomonitors 
of anthropogenic contaminants. 
Since T1 is a highly toxic element, 
it has caused a number of outbreaks 
of poisoning around the world, 
even resulting in high mortalities 
(2-3). Therefore, all data relating to 
T1 concentrations in the environ¬ 
ment are of significant importance. 
To this effect, a detailed environ¬ 
mental Health Criteria monograph 
on T1 was published by the World 
Health Organization - International 
Program on Chemical Safety in 
1996 ( 4 ). 

Thallium is present in the envi¬ 
ronment as a result of natural 
processes and from anthropogenic 
sources. It is emitted into the envi¬ 
ronment from the mining 
processes of sulphide ores contain¬ 
ing heavy metals (in particular lead, 
zinc, and copper) as well as from 
industrial sources such as coal-burn¬ 
ing power plants, brick works and 
cement plants, combustion of fossil 
fuels, oil refining, and metal smelt¬ 
ing (4). 

Thallium is also used in small 
quantities in the electronics indus¬ 
try, the production of certain 
glasses and crystals, and in the man¬ 
ufacture of medical diagnostics 


*Corresponding author. 
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ABSTRACT 

In this study, we examined 
the T1 concentrations in soil and 
plants taken from an abandoned 
Pb-Zn-Cu mining area (Keban, 
Turkey). This region contains Pb, 
Zn, and Ag sulphide mineraliza¬ 
tions that have been mined for 
6000 years. For this purpose, soil 
and plant parts (including roots 
and shoots) were taken from 
20 points in that area and the T1 
concentrations determined by 
ICP-MS. The plants Euphorbia 
macroclada , Verbascum 
cheiranthifolium Boiss, and 
Astragalus gummifer were 
examined. The T1 levels in the 
soils ranged from 3.0-27.6 mg kg -1 
which is 3-27 times higher than 
in uncontaminated soils 
(1.0 mg kg -1 ). The observed T1 
levels in plant parts ranged from 
0.05-4.62 mg kg -1 which is up to 
92-times higher than the allow¬ 
able levels (0.05 mg kg -1 ) pro¬ 
posed in the literature. It was 
also observed that high concen¬ 
trations of metals such as Mo, Cu, 
Pb, Zn, Ag, and As inhibit the T1 
uptake by plant roots and shoots. 


tools such as scintigraphy. In the 
past, T1 has commonly been used as 
a rodenticide, but its use for this 
purpose has been banned in many 
countries (4-7). 

The concentration of thallium 
(5) in plants (shoots and roots) 
from the calamine waste heap was 
found 100-1000 times higher than 
the level normally found in plants 
[0.05 mg/kg T1 dry wt (8)]. Further¬ 
more, an average concentration of 
thallium of geological origin of 1.54 
mg/kg dry wt (with a maximum 
value of 55 mg/kg) has been 


reported for soil (6). Tremel et al. 
found that rape seeds (Brassica 
napus ) contained the largest 
amounts of thallium, up to 
33 mg/kg dry wt (shoots, up to 
20 mg/kg dry wt) (7). 

In China (2004), thallium con¬ 
tents ranged from 40 to 124 mg/kg 
in soils originating from the 
Tl-Hg-As mineralized area; from 
20 to 28 mg/kg in slope wash mate¬ 
rials; from 14 to 62 mg/kg in allu¬ 
vial deposits downstream; from 
1.5 to 6.9 mg/kg in undisturbed 
natural soils; and from <0.2 to 
0.5 mg/kg T1 in soils in the back¬ 
ground area (9). In 1981, emissions 
from a cement plant in Germany 
led to high T1 concentrations in 
soils, river sediments, brooks, and 
in garden vegetables (10). Several 
recent studies report on the rela¬ 
tionship between T1 concentrations 
in environmental samples such as 
soil, water and plant, and their pos¬ 
sible health effects (5,11-13). 

These studies also point out that 
more research is required to investi¬ 
gate the accurate concentration of 
T1 in all environmental and biologi¬ 
cal samples. 

Thallium concentrations in 
uncontaminated areas have been 
found to range from 0.01 to 
1.0 mg kg -1 (ppm) for soil, less than 
1 ng mL' 1 (ppb) for water, and 
below 0.1 mg kg' 1 for plants (dry 
weight) (14). Concentrations 
exceeding 1 mg kg' 1 in soil (basis 
on dry weight) are usually indica¬ 
tive of an anthropogenic source. 

On the other hand, much higher 
values have been found in the vicin¬ 
ity of some metallic ore deposits, 
metal works, and a surrounding 
cement plant (5,9-10,15-17). 
Thallium occurrence and its effects 
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on plants were reviewed in detail 
by Heim et al. (18). They found that 
the median top-soil content is 0.5 
mg/kg in the area investigated, and 
the moss Pleurozium schreberi 
grown in this area contains 
0.04-0.13 mg/kg and the moss 
Polytrichum formosum between 
0.01 and 0.05 mg/kg Tl. 

The most common techniques 
for the determination of Tl at very 
low levels are flameless atomic 
absorption spectroscopy (flameless 
AAS) (5-7), inductively coupled 
plasma optical emission 
spectroscopy (ICP-OES) (18), 
inductively coupled plasma mass 
spectrometry (ICP-MS) (15,19), 
voltammetry (20), and X-Ray 
fluorimetry (21). 

In tlvis study, Tl concentrations 
were determined by ICP-MS in top¬ 
soil samples, the roots and shoots 
of the plants, including Euphorbia 
macroclada, Verbascum cheiran- 
thifolium Boiss, and Astragalus 
gummife , all found in the Keban 
mining area. The results were com¬ 
pared in order to investigate the 
correlation between the soil and 
the root and shoots of the plants 
growing there. 

EXPERIMENTAL 

Instrumentation 

A PerkinElmer SCIEX ELAN® 
9000 inductively coupled plasma 
mass spectrometer was used for 
the determination of uranium and 
thallium (PerkinElmer SCIEX, Con¬ 
cord, Ontario, Canada). The operat¬ 
ing conditions as recommended by 
the manufacturers (23) are given in 
Table I. 

The Study Area 

In this study, the plants and 
associated soil samples were col¬ 
lected from an area consisting of 
granitic-syenitic rocks in the Keban 
mining district (Elazig, Eastern 
Turkey) (Figure 1). This area has a 
Pb-Zn mining history going back 


6000 years and is heavily contami¬ 
nated with toxic metals such as Pb 
and As due to ancient and modern 
mining activities. 

Plant Samples 

The vegetation in the investigated 
area is very poor and only a few 
annual and biannual plant species 
are scattered on an otherwise bar¬ 
ren rocky landscape. The plant 
species found in the Keban region 
are able to grow in severe climate 
conditions because of their massive 


and deep-reaching root systems and 
their ability to live in areas not 
enriched with organic material. 
Briefly, Euphorbia macroclada 
Boiss (local name: Siitlegen), Ver¬ 
bascum cheiranthifolium Boiss 
(local name: Sigir Kuyrugu), and 
Astragalus gummifer (local name: 
Keven) are among the plant species 
examined for this study. Their abil¬ 
ity to live in heavily contaminated 
areas and their deep-reaching root 
systems were the criteria for choos¬ 
ing the plants. 


TABLE I 

Operating Conditions for ICP-MS 


Inductively coupled plasma 
Nebulizer 
Spray chamber 
RF power 

Plasma gas flow rate 
Auxiliary gas flow rate 
Carrier gas flow rate 
Sample uptake rate 
Detector mode 


PerkinElmer SCIEX ELAN 9000 ICP-MS 

Cross-flow 

Ryton®, double pass 

1000 W 

15 L min 1 

1.0 L min 1 

0.9 L min 1 

1.0 mL min -1 

Auto 



Fig. 1. Geological map of the study area (simplified from Akgul (23). 
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Preparation of Samples 

The plant samples (including the 
root) and surrounding soil were 
taken from 20 sites of the Keban 
mining area in Elazig, Turkey. 

Plant Samples 

The plant samples were 
collected randomly, and the collec¬ 
tion sites selected represented the 
whole of the Keban mining area. 
Triplicate shoot and root samples 
were taken from each sampling 
site. The root samples were taken 
from a depth of 30-40 cm. The 
shoot and root samples of the stud¬ 
ied plants were thoroughly washed 
with tap water followed by distilled 
water and dried at 100 °C in an 
oven for 30 minutes, then at 60 °C 
for 24 hours. The plant samples 
were ashed by heating in a furnace 
at 250 °C for about 30 minutes; 
then the heat was gradually 
increased to 500 °C for 2 hours. 
These ashed samples (1.00-3.00 g) 
were ground with hand mortars, 
then labeled, and analyzed by 
ICP-MS at ACME Analytical Labs in 
Canada using the parameters listed 
in Table I. 

For digestion of the ashed sam¬ 
ples, concentrated HN0 3 was 
added (2 mL was used for 1.0 g) to 
each sample and heated on a hot 
plate below 95 °C for one hour. 

The mixture of HCl-HNOj-ELO 
(1/1/1) was then added and further 
heated on a hot plate for one hour 
at 95 °C by stirring occasionally (6 
mL of the mixture at a ratio of 
1/1/1 was used for 1.0 g). The ratio 
of the ashed T1 samples to dry sam¬ 
ples was found to be as follows: 
Euphorbia'. 42%, Verbascum : 44%, 
Astragalus'. 44 % at the studied con¬ 
ditions described below. Thus, the 
metal concentrations on a dried- 
weight basis were calculated from 
the concentrations on ashed-weight 
basis. 

Soil Samples 

Triplicate soil samples (1.0 g) 
were collected from 30-40 cm 


depths in the area surrounding the 
roots. For digestion of the soil sam¬ 
ples, HC1-HN0 3 -H 2 0 was added 
(6 mL of the mixture at a ratio of 
1/1/1 for 1.0 g) and heated on a hot 
plate for one hour at 95 °C. Thus, 
all sample constituents, except the 
silicates, were digested. 

RESULTS AND DISCUSSION 

Accuracy of the method was 
studied by examining the shoots of 
various samples found in the area, 
including EU-21, VR-25, and AS-28, 
and the soil samples associated 
with these samples by an indepen¬ 
dent analytical method. The instru¬ 
ment used was a PerkinElmer 
Model 3100 Optima DV inductively 
coupled plasma optical emission 
spectrometer (PerkinElmer Life and 
Analytical Sciences, Shelton, CT, 
USA) following the parameters as 
described in the manufacturer’s 
manual. It was observed that the 
recoveries were at least 90% for all 
studied samples. 

With respect to degree of toxic¬ 
ity, T1 ranks with Pb, Hg, and Cd, 
but T1 is even more toxic than 
these metals (2,3,5,24). It is known 
that the T1 content in soils depends 
on their geological composition and 
the anthropogenic contaminants. 
Tremel et al. (6-7) studied the 
uptake of T1 and its accumulation in 
several species of crop plants 
grown in soils with high T1 levels 
of geochemical origin. They found 
that Brassica napus (rape seeds) 
contained the largest amounts of T1 
up to 20 mg kg' 1 dry weight for 
shoots (6-7). 

Our study revealed that the 
largest amount of T1 was accumu¬ 
lated in Euphorbia , but this accu- 
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mulation depends on the other 
metal concentrations in the soil and 
root. The obtained results for all 
studied soil samples were found to 
be 3-27 times greater (Table II - 
see next page) than the T1 concen¬ 
trations in uncontaminated soils as 
reported by Smith and Carson (13). 
This can be attributed to the pres¬ 
ence in that area of sulphide ores 
containing lead, zinc, silver, and 
CaF 2 . The correlation between the 
levels of other elements and T1 are 
given in Table III. It can be seen 
that there are significant positive 
correlations between T1 and Mo, 

Cu, Pb, Zn, Ag, and As. In addition, 
T1 concentrations of the studied 
plants were found to be 143 times 
(14.3 mg kg -1 ) greater than the T1 
concentrations (0.1 mg kg' 1 ) of 
plants grown in uncontaminated 
areas. 

T1 in Euphorbia 

The number such as -44, -21, 
-25, -28 in Table II signifies the 
point where plant and soil samples 
were collected. For example EU-44 
means that the Euphorbia plant was 
taken from the point number -44. 

Table II (see next page) shows 
that the T1 concentrations in both 
shoot and root of one Euphorbia 
plant (EU-44) were 143 times greater 
(14.3 mg kg" 1 ) than the normal lev¬ 
els reported in dry plant tissue (0.1 
mg kg' 1 ). Lower T1 concentrations 
were found in the root and shoot of 
EU-29 despite higher T1 levels in 
the EU-29 soil sample. It is interest¬ 
ing to note that the Cu and Zn con¬ 
centrations (5412 and 18,042 mg 
kg" 1 , respectively) in the EU-29 soil 
sample were 30 and 16 times 
greater than in those of the EU-44 
soil sample (145 and 1585 mg kg' 1 , 


TABLE III 

Correlation Relationships Between T1 and Other Metals in Soils 
of the Keban Mining Area 



Mo 

Cu 

Pb 

Zn 

Ag 

As 

T1 

0.85 

0.83 

0.85 

0.84 

0.86 

0.85 
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respectively). Similarly, the Mo and 
Pb concentrations (2636 and 
7089 mg kg -1 , respectively) of the 
EU-29 soil sample were 5 and 3 
times greater than those in the 
EU-44 soil samples (378 and 
2802 mg kg' 1 , respectively). 

In addition, Ag and As concentra¬ 
tions of the EU-29 soil samples 
were greater by 5-6 times than the 
concentrations of EU-44. As a 
result, it may be said that these six 
metals have antagonistic effects on 
T1 absorption of Euphorbia due to 
their high concentrations (particu¬ 
larly Cu and Zn) in the EU-29 soil 
sample and their similar chemical 
properties. The proportion of T1 
concentration in shoot to root for 
EU-29 was found exceedingly lower 
(0.011) than for EU-44 (0.075). This 
result proves the antagonistic effect 
described above, particularly in the 
T1 uptake from root to shoot. In 
addition, higher concentrations 
(Table II) of the metals Mo, Cu, Pb, 
Zn, Ag, and As in EU-29 in compari¬ 
son to both EU-44 and other EU- 
plant parts (especially in root) also 
prove the antagonistic effects of 
these metals on T1 uptake by the 
plant. Distributions of T1 between 
the studied soil and plant parts are 
given in Figures 2 and 3- As can be 
seen, antagonistic effects from the 
elements can be observed in the 
plants grown in Cu-, Zn-, Mo-, Pb-, 
Ag-, and As-rich soils, resulting in 
lower amounts of T1 taken up by 
the roots and shoots of the plants. 

T1 in Verbascum 

As can be seen from Table II, the 
T1 concentrations in both root and 
shoot of the VR-27 Verbascum 
plant were higher than in the other 
Verbascum samples despite the 
higher T1 concentrations in the soil 
samples around these plants. The 
Mo, Cu, Pb, Zn, Ag, and As concen¬ 
trations in the soil samples with 
number VR-25 and VR-25Y were 
7-25 times higher than in the soil 
sample with number VR-27. Thus, it 
can be said that Mo, Cu, Pb, Zn, Ag, 


and As also inhibit the T1 uptake by 
the VR-25 and VR-25Y Verbascum 
plant from the soil. On the other 
hand, T1 levels in both root and 
shoot of the VR-35 Verbascum 
plant and VR-47 Verbascum plant 
were significantly lower than in 
those of the VR-27 Verbascum 
plant, although the T1 levels of 
those three soil samples around 
these three plants were close to 
each other. These results may also 
be attributed to the antagonistic 
effects of Mo, Cu, Pb, Zn, and Ag 
due to their higher concentrations 
given in Table II for the VR-35 and 
VR-47 Verbascum soils, which 
were found higher, that is at least 
five times than that of VR-27 Ver¬ 
bascum soil. Distributions of the T1 
concentrations found between the 
studied soil and plant parts are 
given in Figures 2 and 4. Antagonis¬ 
tic effects of these elements on T1 
uptake and their reflection of T1 
content in the root and shoot sam¬ 
ples were found to be very similar 
to the VR-27 Verbascum plant. 

T1 in Astragalus 

As can be seen from Table II, the 
antagonistic effects of Mo, Cu, Pb, 
Zn, and Ag on the T1 uptake of the 
Astragalus samples (AS-36 and AS- 
40 Astragalus plants) were similar 
to those described above for the 
Euphorbia and Verbascum plants. 
Although the T1 concentrations in 
the AS-36 and AS-40 soil samples 
were very close to each other, the 
T1 levels in the AS-36 shoots were 
three times lower than those in the 
AS-40 shoots. The Mo, Cu, Pb, Zn, 
and Ag concentrations in the AS-36 
soil samples were higher than in 
the AS-40 soil sample. The Cu, Zn, 
and Ag concentrations in the AS-36 
shoots were also greater than those 
in the AS-40 shoots. Distributions of 
the T1 concentrations between the 
studied soil and the plant parts are 
given in Figures 2 and 5. These fig¬ 
ures show that an increase in T1 
concentration in the soil caused the 
increase in plant T1 concentrations. 
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From Figure 2 it can be seen that 
the T1 levels in the all Euphorbia 
roots linearly change with the T1 
levels in the soil, except for the EU- 
44 sample. The corresponding val¬ 
ues for VR and AS do not change 
linearly with T1 in the soil samples. 
In addition, any clear positive corre¬ 
lation between T1 concentrations in 
the shoot and the soil samples for 
the three studied plant species was 
not observed (Figures 3, 4, and 5). 
These results can be attributed to 
the mechanism of T1 uptake by 
plants from the soil and the T1 
transfer to shoots, as well as the 
other metal levels present in the 
soil and root samples. 

The transfer of toxic metals from 
soil to plant parts is significantly 
important because of their subse¬ 
quent uptake by humans with dele¬ 
terious consequences. The aim of 
this study was to determine the 
relation between T1 concentrations 
in plant parts and the correspond¬ 
ing soil samples. It can be seen that 
the transfer of T1 from soil to plant 
depends on the matrix element 
concentrations. Scheckel et al. (22) 
reported higher thallium levels in 
the leaves of Iberis intermedia 
than in its roots when T1 was added 
to the soil. In this study, the T1 con¬ 
centrations of only some shoot sam¬ 
ples were found to be higher than 
in their roots. 

CONCLUSION 

Most of the observed T1 levels in 
the Euphorbia, Verbascum, and 
Astragalus plant samples (includ¬ 
ing leaves, roots, and surrounding 
soil) from the Keban mining area of 
Elazig, Turkey, were found to be 
higher than the T1 concentrations 
of uncontaminated soil (higher than 
1.0 mg kg" 1 ) and allowable levels 
for plants (0.05 mg kg" 1 ). It was 
concluded that such high Tl-con- 
taining lands are not suitable agri¬ 
culture soils because the plants 
grown in such areas can uptake 
high and ultimately toxic levels of 
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Fig. 2. Histograms for 71 contents of soil, root and shoot samples (EU: Euphorbia, VR: Verbascum, AG: Astragalus) in the Keban 
mining area. 



Fig. 3■ Correlation relationships for Tl between root and shoot of Euphorbia ivith 
soil in Keban mining area. 


Tl concentrations. It was also 
observed that Mo, Cu, Pb, Zn, As, 
and Ag inhibit the Tl uptake by 
plant root from soil and by plant 
shoot from root. It can, therefore, 
be said that these antagonistic 
effects can benefit in controlling 
the Tl uptake abilities of plants. 
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Fig. 4. Correlation relationships for Tl between root-shoot of Verbascum with soil in 
the Keban mining area. 



Fig. 5. Correlation relationships for Tl between shoots of Astragalus with soil in the 
Keban mining area. 
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INTRODUCTION 

Monitoring of trace metals in the 
environment has been a subject of 
great concern over the last decade 
and will continue to be so as there 
is an ever-increasing quantity of 
toxic metals found in the environ¬ 
ment. The sources of heavy metals 
in the environment, and more 
specifically in water systems, have 
been attributed primarily to anthro¬ 
pogenic sources, such as waste dis¬ 
charge and stack emissions from 
industrial sources and coal power 
production. The amounts released 
vary, with values in millions of 
tonnes per year for a single metal 
(1,2). Thus, there exists the need 
for the continuous monitoring of 
both fresh water supplies and 
essentially all water sources, includ¬ 
ing the oceans, in order to better 
understand the sources, transport, 
and amounts of these toxic heavy 
metals (3). Thus, the need to moni¬ 
tor the elemental composition of a 
water ecosystem affected by a pol¬ 
lution source is clear (4). The trace 
element content in water is quite 
low, often in the pg L _1 range, 
which requires very sensitive ana¬ 
lytical methodologies. Previously, 
trace elements in natural waters 
were typically determined using 
flame atomic absorption techniques 
which, although almost interference- 
free, are labor-intensive owing to 
their one-element-at-a-time analyti¬ 
cal mode. At the present time, even 
the furnace atomic absorption tech¬ 
nique (for years the standard bearer 
of low-level trace metal determina¬ 
tion) is giving way to other tech¬ 
niques (5). Today, inductively 
coupled plasma optical emission 
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ABSTRACT 

In this paper, a comparison 
of two different analytical meth¬ 
ods is described based on ele¬ 
ment composition. The elements 
Al, Sr, U, Cu, Pb, Cr, V, and Ni 
were directly determined in 
water samples using inductively 
coupled plasma optical emission 
spectrometry (ICP-OES) and 
inductively coupled plasma mass 
spectrometry (ICP-MS). The ICP- 
OES and ICP-MS data were com¬ 
pared and correlation plots were 
constructed. The correlation 
between the two methods of 
analysis varied, with the maxi¬ 
mum correlation of 0.999 
observed for Pb, and the mini¬ 
mum correlation of 0.907 
observed for Sr. The order of the 
distribution coefficients for the 
eight metals determined was: 
Pb>Cu>V>Ni>Al>Cr>Li>Sr. 


spectrometry (ICP-OES) and induc¬ 
tively coupled plasma mass spec¬ 
trometry (ICP-MS) have become the 
most popular methods. In this 
work, a comparison is made of the 
performance and limitations of 
these two analytical methods for 
water pollution studies. Both of 
these techniques have proven to be 
reliable and capable for determin¬ 
ing a wide range of elements at 
very low concentration levels 
simultaneously and accurately (6). 
In a routine study of lake waters 
with ICP-OES, some elements are 
often not detected. It is difficult to 
say whether they are really absent 
in the analyzed samples or if they 
only require a better method of 
analysis. 

However, ICP-MS is a newer 
technique for trace analysis of liq¬ 
uids (7). Interest in this method has 
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been increasing over the last 10 
years, and the ICP-MS instrument is 
becoming more common in analyti¬ 
cal laboratories. This is the reason 
that ICP-MS (a more sensitive 
method) has been used for the 
determination of elements in water. 

For both ICP-OES and ICP-MS, an 
argon plasma is used as the excita¬ 
tion source, and the detection system 
is either an optical spectrometer 
(ICP-OES) or a mass spectrometer 
(ICP-MS). Although ICP-OES 
systems are widely available and 
reasonably cost-effective, the ICP- 
MS systems have historically 
required highly trained staff for 
operation and have been prohibi¬ 
tively expensive. However, their 
extremely good detection capabil¬ 
ity, combined with the availability 
of smaller, more economical spec¬ 
trometers equipped with good soft¬ 
ware, is making them increasingly 
more attractive for the generation 
of analytical water data (8). 

The aim of this paper is to com¬ 
pare the results of the direct deter¬ 
mination of important trace 
elements in real water samples by 
the two independent analytical 
techniques (ICP-OES and ICP-MS) 
and to calculate the correlation 
coefficients for the measured ele¬ 
ments. 

EXPERIMENTAL 

Instrumentation 

A Varian Vista-MPX inductively 
coupled plasma optical emission 
spectrometer (ICP-OES) and an Agi¬ 
lent 7500ce ICP-MS with an Octo- 
pole Reaction System (ORS) 
(Agilent, Santa Clara, CA, USA) were 
used in this work. The ORS consists 
of an octopole ion guide, mounted 
off-axis to minimize random 
















background levels, inside a cell that 
can be pressurized with a reaction 
gas (H 2 and He). Difficult 
polyatomic interferences such as 
Ar 2 , ArCl, and Ar are dissociated by 
collision with the reaction gas 
within the cell, enabling otherwise 
interfering analytes to be 
determined (9). Optimization of the 
chamber was conducted by investi¬ 
gation of the influence of gas used 
on the received signal of the stud¬ 
ied elements. The instrumental and 
operating parameters for the two 
instruments are listed in Tables I 
and II. 

Samples 

The water samples were 
collected in acid-cleaned 250-mL 
Teflon® bottles from 11 locations 
at Swarzedzkie Lake, Poland. In 
order to stabilize the dissolved ele¬ 
ments, 0.5 mL of Suprapur® nitric 
acid (Merck & Co., Darmstadt, Ger¬ 
many) was added to each bottle. 
The samples were stored in a labo¬ 
ratory refrigerator until use. No 
digestion methods or reduction of 
the sample volume was done. The 
samples were analyzed directly. 

Standard Solutions, Reagents, 
and Calibration 

Suprapur HN0 3 (65% m/v) was 
used. Multielemental standard solu¬ 
tions were prepared from 10 mg L' 1 
multielemental atomic absorption 
standards (Environmental Calibra¬ 
tion Standard, Agilent, Santa Clara, 
CA, USA); calibration standard 
n = 1, 2, 3, 4 by dilution with water 
containing the same amount of acid 
as the samples. High purity water 
was produced from distilled water 
using a Milli-Q™ deionizing system 
(Millipore, Bedford, MA, USA). 
Glassware was cleaned by soaking 
overnight in a 10% (w/v) nitric acid 
solution and then rinsing with 
deionized water. 

The elements Al, Sr, Li, Cu, Pb, 

V, Cr, and Ni were determined 
according to the International Stan¬ 
dard of Water Quality (10,11). 
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TABLE I 

Instrumental Operating Conditions for ICP-OES 


Varian Model Vista-MPX CCD Simultaneous ICP-OES 


Plasma argon gas flow rate 

15 1. miiT 1 

Auxiliary argon gas flow rate 

1.5 L min 1 

Nebulizer argon gas flow rate 

0.9 L min' 1 

Nebulizer pump 

0.10 rps 


TABLE II 

Instrumental Characteristics and Setting for ICP-MS 

Agilent 7500 ce with Octopole Reaction ICP-MS System 


Nebulizer 

Micromist 

Interface 

Ni sampler and skimmer cones 

RF generator 

1500 W 

Argon flows 

0.75 L min- 1 

Nebulizer pump 

0.10 rps 

Scanning condition 

Number of replicates: 4, dwell time: 1 s 

Scanning mode 

Pulse 

Cell gas flow: 


h 2 

3-3 (Cr, V) mL min' 1 

He 

3-0 (Li, Al, Cr, Cu, Ni, Sr, Pb, V) mL min -1 

Internal standard 

45 Sc, 115 In, 133 Cs 


Among the aforementioned 
elements, some occur in higher 
amounts (called macrocomponents) 
and others only at trace levels. Not 
only the elements that are difficult 
to detect, but also those that give 
very good analytical results are indi¬ 
cated. Prior to the analysis of the 
unknown samples, the ICP-OES and 
ICP-MS methods were validated by 
analyzing the certified reference 
materials (CRMs) NIST SRM 1643d 
Water and NIST SRM l643e Water 
(National Institute of Standards and 
Technology, Gaithersburg, MD, 
USA). During the course of the 
study, the control material was run 
every 10 samples to ensure analyti¬ 
cal accuracy. The quality control 
(QC) data are in given Table III. 

RESULTS AND DISCUSSION 

Table IV shows the concentra¬ 
tions of eight metals (Al, Cr, Cu, Li, 
Ni, Pb, Sr, and V) determined by 
ICP-OES and ICP-MS. Determination 
of the trace elements Cr, V, and Ni 


was not possible with the ICP-OES 
technique due to the low concen¬ 
trations present but were able to be 
determined by ICP-MS. The ICP- 
OES data obtained for Cu, Pb, and 
Ni are in good accordance with 
those obtained by ICP-MS, meaning 
that ICP-OES is suitable for the 
determination of these trace 
elements. The precision values for 
ICP-MS were significantly better 
than those for ICP-OES. A compari¬ 
son of the precision values for the 
analyzed samples and the CRMs 
shows that the CRMs were charac¬ 
terized by a much better precision 
than the natural water samples, 
especially with ICP-OES, with the 
exception of Al and Cr for which 
the RSD was about 18%. RSD values 
for the CRMs analyzed by the ICP- 
MS method ranged from 2-5%, 
except for Al and Cr, for which the 
RSD values were higher (approxi¬ 
mately 2-3%). Precision for the 
ICP-OES method (only values of 
precision of the apparatus were 
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TABLE III 

Comparison of Certified Mass Concentration and Determination Value (pg L -1 ) 


Element 

Certified Value 
CRM 1643d 

Obtained Value 
ICP-OES 

Obtained Value 
ICP-MS 

Certified Value 
NIST I643e 

Obtained Value 
ICP-OES 

Obtained Value 
ICP-MS 

A1 

127.6 ±3.5 

139.8 ± 25.0 

127.5 ± 6.9 

141.8 ± 8.6 

137.5 ± 26.9 

141.2 ± 9.82 

Cr 

18.53 ± 0.2 

16.51 ± 2.63 

18.51 ± 1.15 

20.40 ± 0.24 

18.81 ± 2.75 

20.38 ± 1.67 

Cu 

20.5 ± 3.8 

21.58 ± 2.21 

20.53 ± 1.28 

22.76 ± 0.31 

22.53 ± 2.53 

22.73 ± 0.92 

Li 

18.53 ± 0.2 

16.91 ± 2.53 

18.51 ± 1.15 

17.4 ± 1.7 

17.52 ± 2.71 

17.36 ± 1.62 

Ni 

58.1 ± 2.7 

58.73 ±6.41 

58.11 ± 4.12 

62.41 ± 0.69 

61.92 ± 7.92 

62.40 ± 3.21 

Pb 

18.15 ± 0.64 

17.92 ± 2.15 

18.10 ± 1.05 

19.63 ± 0.21 

19.50 ±2.23 

19.64 ± 0.93 

Sr 

294.8 ± 3.4 

274.3 ± 34.7 

287.1 ± 13.21 

323.1 ± 3.6 

320.6 ± 27.9 

323.7 ± 5.6 

V 

35.1 ± 1.4 

35.62 ± 2.35 

34.90 ± 1.26 

37.86 ± 0.59 

37.47 ± 2.40 

37.67 ± 0.68 


Average values ± standard deviations. 


TABLE IV 

Concentration of Different Elements (arithmetic mean) in Water Samples 
Collected From Different Sites (1 to 11) of Swarzedzkie Lake (P = Precision, R = Reproducibility) 


Sampling 

Stations 

ICP-OES 

A1 (mg L 1 ) 

P (%) R (%) ICP-MS 

P (%) 

R (%) 

ICP-OES 

P (%) 

Sr (mg L 
R (%) 

- 1 ) 

ICP-MS 

P (%) 

R (%) 

1 

0.32 

7.4 

15.6 

0.28 

3.3 

7.1 

0.39 

7.0 

15.4 

0.32 

3.1 

6.3 

2 

0.03 

6.0 

13-3 

0.02 

2.3 

5.0 

0.41 

8.4 

17.1 

0.38 

2.5 

5.3 

3 

0.06 

8.1 

16.7 

0.03 

4.5 

8.9 

0.38 

7.2 

15.8 

0.34 

2.5 

5.9 

4 

0.29 

6.2 

13.8 

0.22 

0.2 

0.5 

0.46 

7.5 

15.2 

0.42 

2.3 

4.8 

5 

0.23 

5.9 

13.0 

0.18 

0.3 

0.6 

0.39 

6.9 

15.4 

0.35 

2.6 

2.9 

6 

0.42 

6.8 

14.3 

0.35 

2.4 

5.7 

0.46 

7.0 

15.2 

0.44 

3.2 

6.8 

7 

0.22 

6.3 

13.6 

0.17 

3.0 

5.9 

0.46 

6.5 

13.0 

0.43 

3-3 

7.0 

8 

0.76 

6.5 

14.7 

0.63 

3.1 

6.4 

0.41 

8.6 

19.5 

0.34 

2.9 

5.9 

9 

0.48 

7.7 

14.6 

0.42 

2.5 

4.8 

0.42 

7.9 

16.7 

0.45 

3.4 

6.7 

10 

0.11 

8.9 

18.2 

0.10 

2.3 

6.0 

0.39 

6.8 

15.4 

0.32 

4.0 

8.4 

11 

0.72 

5.9 

15.3 

0.62 

2.1 

4.8 

0.38 

9.0 

18.4 

0.44 

4.2 

9.1 


(continued) 
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TABLE IV (Continued) 

Concentration of Different Elements (arithmetic mean) in Water Samples 
Collected From Different Sites (1 to 11) of Swarzedzkie Lake (P = Precision, R = Reproducibility) 


Sampling 

Stations 

ICP-OES 

P (%) 

R (%) 

Cr (Mg L' 1 ) 
ICP-MS 

P (%) 

R(%) 

ICP-OES 

P (%) 

R (%) 

Cu (pg L 
ICP-MS 

- 1 ) 

P (%) 

R (%) 

1 

n.d. 

n.d. 

n.d. 

0.01 

4.2 

8.9 

6.24 

5.0 

9.9 

6.12 

2.3 

5.4 

2 

n.d. 

n.d. 

n.d. 

0.029 

6.6 

13.5 

7.25 

6.1 

12.6 

6.78 

2.1 

5.0 

3 

1.85 

10.3 

20.1 

0.92 

3.5 

6.5 

5.13 

5.7 

11.9 

4.85 

1.5 

3.3 

4 

3.07 

8.1 

16.9 

2.35 

2.2 

5.1 

46.33 

6.2 

13.0 

45.91 

1.1 

2.5 

5 

n.d. 

n.d. 

n.d. 

0.046 

2.1 

4.4 

2.13 

5.0 

10.8 

1.85 

1.8 

3.8 

6 

1.64 

10.9 

20.6 

1.13 

2.6 

5.3 

14.46 

4.8 

10.1 

14.83 

2.3 

4.9 

7 

0.12 

8.0 

16.7 

0.088 

2.2 

4.6 

5.43 

6.0 

13.1 

5.54 

2.4 

5.1 

8 

10.07 

7.4 

15.2 

8.32 

2.8 

5.5 

460.16 

5.6 

11.7 

465.20 

2.2 

4.6 

9 

n.d. 

n.d. 

n.d. 

0.025 

1.8 

4.0 

10.53 

6.7 

13.1 

10.73 

2.5 

4.9 

10 

0.86 

7.8 

18.6 

0.57 

2.6 

5.3 

4.62 

6.1 

12.8 

4.67 

2.5 

5.6 

11 

0.16 

6.1 

12.5 

0.11 

2.0 

4.6 

6.23 

5.5 

11.7 

6.08 

2.7 

5.3 


n.d.: not detected. (continued) 


TABLE IV (Continued) 

Concentration of Different Elements (arithmetic mean) in Water Samples 
Collected From Different Sites (1 to 11) of Swarzedzkie Lake (P = Precision, R = Reproducibility) 


Sampling 

Stations 

ICP-OES 

P (%) 

Li (Mg L 1 ) 

R (%) ICP-MS 

P (%) 

R(%) 

ICP-OES 

P (%) 

Ni (Mg L- 
R (%) 

') 

ICP-MS 

P (%) 

R (%) 

1 

6.19 

7.5 

16.0 

5.81 

2.4 

4.8 

0.076 

9.0 

18.4 

0.048 

2.1 

4.2 

2 

6.21 

10.0 

19.8 

5.78 

4.1 

8.3 

0.18 

8.1 

16.7 

0.08 

3.0 

6.3 

3 

6.14 

10.7 

20.8 

5.63 

2.0 

4.3 

0.82 

8.8 

18.3 

1.07 

3.2 

6.5 

4 

7.06 

10.2 

19.0 

5.78 

3.2 

6.6 

1.62 

8.5 

17.9 

2.14 

2.4 

5.1 

5 

7.03 

8.9 

18.4 

6.17 

4.0 

7.6 

0.27 

8.9 

18.5 

0.48 

2.9 

6.3 

6 

7.12 

9-3 

19.0 

6.68 

3.0 

6.0 

0.14 

9.9 

19.6 

0.33 

2.7 

6.1 

7 

7.15 

8.6 

17.6 

7.12 

2.7 

5.9 

0.20 

10.0 

20.0 

0.42 

3.6 

7.1 

8 

7.21 

7.0 

15.5 

7.18 

3.7 

7.4 

4.90 

8.7 

18.0 

6.20 

2.2 

5.0 

9 

7.02 

10.1 

19.8 

6.63 

2.5 

5.6 

8.07 

8.9 

18.1 

10.49 

3.2 

6.6 

10 

7.21 

12.3 

20.4 

7.17 

2.8 

5.3 

1.05 

9.2 

18.1 

2.22 

2.6 

5.0 

11 

7.11 

7.2 

13.8 

6.78 

3.1 

6.3 

0.055 

7.6 

16.4 

0.21 

2.1 

4.8 


(continued) 
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TABLE IV (Continued) 

Concentration of Different Elements (arithmetic mean) in Water Samples 
Collected From Different Sites (1 to 11) of Swarzedzkie Lake (P = Precision, R = Reproducibility) 


Sampling 

Stations 

ICP-OES 

p (%) 

Pb (pg L 1 ) 

R (%) 

ICP-MS 

P (%) 

R (%) 

ICP-OES 

p (%) 

V (Mg L" 1 ) 

R (%) ICP-MS 

P (%) 

R (%) 

1 

3-32 

7.8 

16.0 

3.26 

2.3 

4.9 

n.d. 

n.d. 

n.d. 

0.086 

2.3 

4.7 

2 

n.d. 

n.d. 

n.d. 

0.026 

4.9 

8.9 

n.d. 

n.d. 

n.d. 

0.074 

2.0 

4.1 

3 

1.45 

9.2 

18.6 

1.12 

2.6 

5.4 

0.12 

8.2 

16.8 

0.093 

3.0 

5.4 

4 

16.21 

7.1 

15.00 

16.54 

2.5 

5.2 

n.d. 

n.d. 

n.d. 

0.051 

1.7 

3.9 

5 

16.65 

7.5 

15.7 

16.91 

3.0 

5.7 

0.13 

7.4 

15.4 

0.072 

2.0 

4.2 

6 

9.46 

6.0 

13-3 

9-32 

1.8 

3.9 

0.42 

7.0 

14.3 

0.24 

2.1 

4.2 

7 

5.52 

5.8 

12.0 

5.42 

2.2 

4.6 

0.54 

7.3 

14.8 

0.43 

2.6 

4.7 

8 

32.21 

7.9 

16.2 

33.21 

2.4 

5.1 

2.11 

8.3 

17.5 

2.18 

2.2 

5.0 

9 

12.73 

6.3 

13.0 

12.68 

2.0 

4.4 

1.15 

6.9 

14.8 

1.31 

3.0 

6.1 

10 

2.23 

8.5 

17.0 

2.26 

2.7 

5.3 

n.d. 

n.d. 

n.d. 

0.048 

1.7 

4.2 

11 

n.d. 

n.d. 

n.d. 

0.028 

3.4 

7.1 

n.d. 

n.d. 

n.d. 

0.013 

3.7 

7.7 


ncl: not detected. 


taken into consideration) was 
between 4.8-12.3%, but 
reproducibility was between 
10.1-20.6%. Reproducibility and 
precision for the ICP-MS method 
were significantly lower and ranged 
from 0.2-6.9% and 0.5-13-5%, 
respectively. Comparing the 
obtained values of reproducibility 
for the ICP-MS method with those 
established by the ISO standards 
(11) ranging from 6.9-27%, we can 
see that the ICP-MS values obtained 
in our laboratory are considerably 
lower. 

Figure 1 (a-h) represents correla¬ 
tion plots for the elements Al, Cr, 
Cu, Li, Ni, Pb, V, and Sr determined 
by using both the ICP-OES and 
ICP-MS techniques. The dotted 
lines in this figure represent a ±5% 
error bar. 

Results of the various analytical 
techniques using correlation analy¬ 
sis with the linear regression (LR) 
method were collated based on the 
equation: y = a + bx ± error. For 
comparison, R (Regression coeffi¬ 
cient), slope (b) and intercept (a) 


were evaluated, which in a theoreti¬ 
cal model assume the following val¬ 
ues: R = 1, b = 1, and a = 0. If the 
two variables were equivalent, the 
real and the ideal regression line 
should be equal or similar. The best 
values of statistical parameters 
were observed by comparing the 
two methods for Cu and Pb (0.997 
and 0.999, respectively). Satisfac¬ 
tory values were observed for Ni 
(0.989), V (0.989), Al (0.988), and 
Cr (0.988), although as mentioned 
before, the determination of 52 Cr by 
ICP-MS suffers a spectral interfer¬ 
ence; therefore, the measurements 
made using that technique gave less 
accurate results than those 
obtained by ICP-OES (12). The com¬ 
parison for Li and Sr yielded values 
that were not so satisfactory. The 
correlation coefficients for these 
elements were 0.923 and 0.907. It 
is clear that the error bars in the x 
direction are significantly higher 
than those in the y direction. The 
values obtained using ICP-OES, 
lower than those obtained by ICP- 
MS, reveal the greatest difference 
between the techniques in the mea¬ 


sured levels. The limits of detection 
(LODs) were calculated as a sum of 
average values for 10 independently 
prepared blank solutions and three 
standard deviations of the measure¬ 
ments of the blank solution (LOD = 
X + 30 (13). The ICP-MS method 
showed lower detection limits, 
many times lower than those 
obtained with ICP-OES. Thus, it can 
be stated that the results obtained 
with these two analytical methods 
were in general similar or equal, 
but not completely 
interchangeable. 

CONCLUSION 

The results presented in this 
work demonstrate the possibilities 
offered by the two analytical meth¬ 
ods (ICP-OES and ICP-MS) used in 
the performed research. The 
obtained results show low concen¬ 
trations of the elements in the col¬ 
lected water samples. The ICP-OES 
and ICP-MS data were compared, 
and the correlation plots show 
excellent agreement between the 
values obtained for Cu and Pb; 
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Fig. 1 (a - h). Correlation plots of Al, Cr, Cu, Li, Pb, Sr and V concentrations in the water samples analyzed 
by ICP-OES (x) versus 1CP-MS (y). 
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Fig. 1 (a - h). Correlation plots of Al, Cr, Cu, Li, Ni, Pb, Sr and V concentrations in the water samples analyzed 
by ICP-OES (x) versus ICP-MS (y). 



good agreement obtained for Al, Cr, 
V, and Ni; however, they highlight 
the fact that ICP-MS provides better 
precision than ICP-OES. Precision for 
the ICP-OES method was between 
4.8-12.3%, but precision for the 
ICP-MS method was significantly 
lower and ranged from 0.2-6.9%. 
The poor values of the correlation 
coefficients obtained for Li and Sr 
by ICP-OES may be attributed to the 
lower limit of detection for these 
two elements. 


Received April 27, 2001. 
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INTRODUCTION 

There is an ever-increasing 
demand in environmental research 
for analytical methods that can 
determine toxic elements at trace 
levels. Antimony is an element of 
environmental concern due to its 
toxicity and biological effects. It is 
a nonessential element and its toxi¬ 
city is comparable to that of arsenic 
(1). Analytical methods must be 
developed to monitor different 
chemical forms of antimony in the 
environment, because its toxicity 
and biological effects greatly 
depend on the oxidation state of 
this element and inorganic species 
of antimony are more toxic than 
their organic counterparts (2). 

One problem in inorganic Sb 
speciation is the low concentration 
of these species in natural samples. 
For example, the maximum admis¬ 
sible concentration of Sb in drink¬ 
ing water is 10 pg L" 1 (3). 

Antimony is released into the 
environment and enters the aquatic 
system, especially as a result of 
rock weathering, soil runoff, min¬ 
ing activities, road traffic and 
municipal discharges (4). 

However, speciation of Sb com¬ 
pounds is attracting increasing 
attention from the scientific com¬ 
munity and, as a result, the number 
of published analytical procedures 
dealing with antimony speciation is 
increasing. Techniques such as 
atomic absorption spectrometry 
(AAS) (5), inductively coupled 
plasma atomic emission spectrome¬ 
try (ICP-AES) (6), ion chromatogra- 
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ABSTRACT 

A method of antimony specia¬ 
tion is described based on the 
retention and selective elution of 
Sb(III) and Sb(V) from a mini col¬ 
umn packed with acidic alumina 
using KOH and HC1 solution as 
the eluents. Before passing the 
samples through the mini col¬ 
umn, alumina was treated with 
phosphoric acid. Phosphoric acid 
was immobilized on the alumina 
and retained both antimony 
species. Sb(V) was selectively 
eluted by the KOH solution and 
then Sb(III) was washed out 
using an HC1 solution. 

The pH and volume of the 
sample solutions, the volume and 
concentration of the phosphoric 
acid and eluent solutions were 
optimized. 

Interference studies were car¬ 
ried out and the suitability of the 
proposed method for the precon¬ 
centration and speciation of anti¬ 
mony in real samples was 
evaluated. The detection limits 
(3 ct) were 0.3 and 1.1 ng mL" 1 
(25- and 50-fold preconcentration 
factor) and the linearity range 
was 5-100 and 9-10 ng mL -1 for 
Sb(V) and Sb(III), respectively. 

The RSD for five replicate 
measurements of 100 ng mL -1 of 
Sb(V) was 2% and for Sb(III) it 
was 2.4%. Spike recoveries were 
tested at various concentration 
levels for different water samples 
and were found to vary between 
96 and 104%. 


phy (7), and ICP mass spectrometry 
(ICP-MS) (8) have been used for 
antimony speciation. However, 
these techniques are either not suf¬ 
ficiently selective or not easily 
adaptable to routine analysis (1). 
Atomic absorption spectrometry 
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with hydride generation (HG-AAS) 
is the most widely used technique 
(9). In this technique, the selective 
determination of Sb(III) is carried 
out in the presence of Sb(V) and 
then total antimony is determined. 
The concentration of Sb(V) can be 
obtained by calculating the differ¬ 
ence. An alternative method of anti¬ 
mony speciation also using 
HG-AAS requires a somewhat 
lengthy process of extraction and 
separation of both species (10). 

The most recent publication 
dealing with this matter is a paper 
describing simultaneous determina¬ 
tion of Sb(III) and Sb(V) by UV- 
Visible spectroscopy and the partial 
least squares method (2). This 
method is adaptable to routine 
analysis but is not sensitive. The 
minimum concentration 
determinable by this method for 
these two antimony species is 
reported to be about 4.8 mg L' 1 (2). 
Smichowski et al. reported specia¬ 
tion and preconcentration of Sb(III) 
and Sb(V) on phosphoric acid- 
treated alumina under 
pH-controlled conditions (11). At 
pH 9.5, the retention of Sb(V) on 
the alumina is negligible (less than 
1%) while Sb(III) is selectively 
eluted and can be quantitatively 
determined. At pH 7.5, both 
species are retained and total anti¬ 
mony is determined. The Sb(V) is 
obtained by calculating the differ¬ 
ence. 

The present paper describes a 
method for the preconcentration 
and separation of Sb(V) and Sb(III) 
using a phosphoric acid-treated alu¬ 
mina mini column. Sb(V) and 
Sb(III) are selectively eluted by 
KOH and HC1 solutions, respectively, 
before their determination by flame 






atomic absorption spectrometry 
(FAAS). 

EXPERIMENTAL 

Instrumentation 

For this study, a PerkinElmer® 
Model 1100B atomic absorption 
spectrometer equipped with a deu¬ 
terium background corrector and 
an air/acetylene flame with a flow 
rate ratio of 8/2.5 ml min' 1 and 
2200 °C temperature was used 
throughout the work (PerkinElmer 
Life and Analytical Sciences, Shel¬ 
ton, CT, USA). The monochromator 
was adjusted to the 217.6 nm wave¬ 
length and a slit width of 0.2 nm. 

All solutions were transferred 
into the column by a Master flex 
single-channel standard peristaltic 
pump with a current volume range 
of 0.6 to 228 mL min 1 and a maxi¬ 
mum external pressure of 25 PSI. 

A six - port low pressure manu¬ 
ally operated injection Rheodyne® 
valve Model 7010, fitted with a 
2-mL loop, was used to introduce 
sample, eluent and carrier into the 
minicolumn fabricated from stain¬ 
less steel with an internal diameter 
of 1.8 mm and a length of 7 cm. 

The column was packed with 
0.3 g acidic alumina (obtained from 
Fluka, Buchs, Switzerland, of pH = 
4.5 ±0.3). 

Reagents and Solutions 

Doubly distilled and deionized 
water (obtained from SG Treatment 
& Regeneration System, Barsbiittel, 
Germany) was used throughout. 

3M phosphoric acid was used for 
alumina conditioning; 1M 
potassium hydroxide and 8M 
hydrochloric acid solutions were 
used as the eluents. 

Stock standard solutions 
(100 pg mL' 1 ) of Sb(III) and Sb(V) 
were prepared by dissolving appro¬ 
priate amounts of potassium anti¬ 
mony tartarate and potassium 
pyroantimonate (obtained from 


Fluka, Buchs, Switzerland) in dis¬ 
tilled water respectively and dilut¬ 
ing to 100 mL. 

The stock solutions were stored 
in polyethylene bottles at 4 °C. All 
working standard solutions of 
Sb(IlI) and Sb(V) were prepared 
daily prior to use to prevent any 
possible species change. 

All reagents used were of analyti¬ 
cal grade and obtained from Fluka. 

Procedure 

The analytical system, which 
includes the injection valve modes, 
mini column, peristaltic pump, and 
atomic absorption spectrometer, is 
presented in Figure 1. 


Slightly more than 2 mL of the 
sample was injected into the 2-mL 
loop when the valve was operating 
in the LOAD mode (Figure lb) and, 
simultaneously, the carrier solution 
(distilled water) was pumped 
through the mini column at a flow 
rate of 4 mL min -1 via ports 2 and 3- 
Then the sample was passed 
through the alumina column by 
operating the valve in INJECT mode 
(Figure lb). 

The retained Sb(V) was then 
eluted from the alumina by passing 
4 mL of 1M KOH solution through 
the mini column. Before elution of 
the retained Sb(IFI), the alumina 
sorbent was washed out of the 
KOH residue by pumping 2 mL of 



Fig. 1. (a) Layout of the analytical system and (b) injection valve operation modes 
used for antimony preconcentration and speciation. 
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1M perchloric acid into the 
column. Finally, the Sb(III) was 
eluted with 2 mL of 8M HC1 solu¬ 
tion. Potassium hydroxide and per¬ 
chloric and hydrochloric acids 
were pumped through the mini col¬ 
umn via ports 2 and 3 of the valve 
operating in LOAD mode and at the 
flow rate of 4 mL min -1 . 

Prior to the sample injection, the 
alumina sorbent was conditioned 
by passing 10 mL of 1M phosphoric 
acid solution through the mini col¬ 
umn and then washing with 10 mL 
distilled water. This acid solution 
was also pumped through the alu¬ 
mina column at the flow rate of 
4 mL min -1 and via ports 2 and 3 of 
the valve operating in LOAD mode. 
The column must be conditioned 
after speciation of 100 samples. 

The operating procedure was 
carried out in the following steps: 

• Injection of 2 mL of the sample 
into the mini column. 

• Elution of the retained Sb(V) 
from alumina with 4 mL of 1M 
KOH solution. 

• Collection of the eluate and 
determination of Sb(V) with FAAS. 

• Washing the column with 
2 mL of 1M perchloric acid. 

• Elution of the retained Sb(IFI) 
from alumina with 2 mL of 8M 
hydrochloric acid. 

• Collection of the eluate and 
determination of Sb(III) by FAAS. 

Preconcentration of the 
antimony species was carried out 
by pumping 100 mL of the sample 
through the alumina and eluting 
the retained Sb(V) and Sb(III) with 
4 mL KOH and 2 mL HC1 solution, 
respectively. 

RESULTS AND DISCUSSION 

Mcleod (12) has demonstrated 
that the acidic form of activated 
alumina has a high affinity for 
oxoanion species. It is also known 


that antimony has a high capacity 
for forming a variety of complexes 
with phosphoric acid (11,13). The 
differences in the behavior of 
Sb(III) and Sb(V) in phosphoric 
acid can be explained by the differ¬ 
ent stability of the complexes 
formed between the antimony 
species and tins acid (11). 

Based on these reported results, 
a method was developed for the 
preconcentration and speciation of 
Sb(III) and Sb(V). Phosphate oxo¬ 
anion was adsorbed on the alumina 
by treating this sorbent with phos¬ 
phoric acid. 

Two complexes with different 
stability were formed between this 
immobilized phosphate anion and 
Sb(III) and Sb(V) on passing these 
species in distilled water media 
through the alumina mini column. 
Two specific eluents were used to 
elute selectively and separate these 
two complexes. 

Variables Affecting Method 
Optimization 

In order to determine the opti¬ 
mum conditions, the effect of some 
chemical and physical parameters 
on the Sb(III) and Sb(V) signals 
were investigated. The peak height 
of the absorbance signals were 
compared with those of solutions 
of Sb(III) and Sb(V) that had not 
passed through the alumina 
column. The recovery was calcu¬ 
lated as the ratio of the two 
absorbance values for each 
antimony species. 

Eluent Selection 

The possibility of Sb(III) and 
Sb(V) separation by using alumina 
sorbent and suitable eluents was 
evaluated. To evaluate this possibil¬ 
ity, solutions of KOH and four acids 
(HC1, HN0 3 , HC10 4 , and H 2 S0 4 ) 
were tested as the eluent. By using 
each eluent, the recovery of each 
antimony species was determined. 
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Two mL of each Sb(III) and 
Sb(V) standard solution (2.5 mg L -1 ) 
was injected into the sorbent and 
then eluted by the appropriate elu¬ 
ent. The collected eluate was ana¬ 
lyzed and the recovery was 
calculated. 

By using 2 mL of 1M HC1 eluent, 
91% of Sb(III) and 55% of Sb(V) 
were recovered together. By pass¬ 
ing a more concentrated HC1 (3M), 
an enhancement in the recoveries 
was observed [99% and 60% for 
Sb(V) and Sb(III), respectively]. 
Employing 4 mL of 0.5M KOH as 
the eluent showed that only Sb(V) 
can be recovered (92%) and Sb(III) 
is retained completely (0.0% recov¬ 
ery). By introducing 4 mL of 1M 
KOH and then 2 mL of 3M HC1 
through the mini column (which 
was already loaded with a binary 
standard solution of both antimony 
species), Sb(V) and Sb(III) were 
selectively eluted with recoveries 
of 100% and 60%, respectively. 

To investigate the possible 
enhancement of Sb(III) recovery, 
four other acids (HN0 3 , H 2 S0 4 , 
HC10 4 and CH 3 COOH) were also 
tested as eluents. In each test, 2 mL 
of Sb(III) standard solution was 
injected into the column which 
was then eluted by a 3M solution of 
each acid and the recoveries were 
determined by FAAS. Before elution 
with each acid, 4 mL of 1M KOH 
was passed through the column. 
The results of these experiments 
are shown in Table I. However, HC1 
and KOH were selected as conve¬ 
nient eluents. 


TABLE I 

Sb(III) Recoveries 
Using Different Acid Eluents 


Acids a 

Recovery (%) 

hno 3 

8.0 

HAc 

4.0 

hcio 4 

0.0 

h 2 so 4 

11.0 

a 3M solutions. 
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Fig. 2. Effect of KOH concentration on the recovery of Sb(V). 
Conditions: Sb(ILL) and Sb(V) concentrations 2.5 mg Lr 1 ; vol¬ 
ume of samples 2 mL; 10 mL of 3M H 3 P0 4 ; eluents: 2 mL of 
8M HCl and 4 mL of KOH; sample pH = 7; 1 mL of 1M HC10 4 . 



Fig. 3- Effect of HCl concentration on recovery ofSb(lll). Con¬ 
ditions: eluents: 2 mL of HCl and 4 mL of 1M KOH. The rest of 
the conditions were the same as indicated in Figure 2. 


It was also found that the recov¬ 
ery of Sb(III) increases if the col¬ 
umn is washed out from the KOH 
residue with 2 mL of 1M perchloric 
acid prior to the elution of Sb(III) 
with HCl and after the elution of 
Sb(V) with KOH. The retention of 
the Sb(III) is not affected by per¬ 
chloric acid (see Table I). 

The effect of these eluent con¬ 
centrations on the recovery of the 
antimony species was also studied. 
The results given in Figures 2 and 3 
show that the recoveries of Sb(V) 
and Sb(III) increases as KOH and 
HCl concentrations are increased 
up to 1M and 8M, respectively. 
Therefore, these concentrations 
were adopted as the optimum con¬ 
centrations. 

Effect of Phosphoric Acid 
Concentration 

Phosphoric acid with different 
concentrations and used as the alu¬ 
mina activating agent was exam¬ 
ined. The volume of acid passing 
through the column was 10 mL at 
all concentrations and the operat¬ 
ing procedure described above was 
followed. Each test was carried out 



Fig. 4. Influence of phosphoric acid concentration on the recovery of Sb(lll) and 
Sb(V). Conditions: Sb(LH) and Sb(V) concentrations 2.5 mg Lr 1 ; volume of samples 
2 mL; 10 mL H 3 P0 4 ; eluents: 2 mL of 8M HCl and 4 mL of 1M KOH; sample pH = 7; 
2 mL of 1MHC10 4 . 


with a new repacked column. The 
results in Figure 4 show that by 
increasing the phosphoric acid con¬ 
centration up to 1.5M, the recover¬ 
ies of Sb(III) and Sb(V) were 
increased, after which they 
remained constant. Since the num¬ 
ber of samples that can be loaded 


into the column before its exhaus¬ 
tion depends on the phosphoric 
acid concentration, a 3M concentra¬ 
tion was selected as the optimum 
value. 
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Fig. 5. Effect of sample pH on the recovery of Sb(III) and Sb(V). Conditions: Sb(III) 
and Sb(V) concentrations 2.5 mg L~'; volume of each sample 2 mL; 10 mL of 3M 
H 3 P0 4 ; eluents: 2 mL of 8M HCl and 4 mL of 1M KOH; 2 mL of 1M HC10 4 . 


Effect of Sample pH 

Since the pH of the sample solu¬ 
tion is an important parameter 
affecting the recoveries of 
antimony ions (11), the retention of 
Sb(III) and Sb(V) was studied as a 
function of sample pH. For this pur¬ 
pose, the pH values of two standard 
solutions (2.5 mg L" 1 ) of Sb(III) and 
Sb(V) were adjusted from pH 3-11 
with appropriate acid and base 
solutions. The recovery of the anti¬ 
mony species was then determined 
by following the operating proce¬ 
dure. The results given in Figure 5 
show that the maximum recovery 
of Sb(III) and Sb(V) were obtained 
at around pH = 7. 

Interference Studies 

Using optimized conditions, the 
effect of diverse ions on antimony 
speciation was studied. The inter¬ 
fering effects of anions such as 
vanadate, dichromate, arsenate, 
arsenite, selenate, sulphate, nitrate, 
nitrite, acetate, phosphate, fluoride, 
chloride, bromide, and iodide, 
along with cations such as ammo¬ 
nium, potassium, sodium, magne¬ 
sium, and chromium, were studied. 
In this study, synthetic solutions 
containing 2.5 mg L" 1 of each anti¬ 


mony species and various amounts 
of foreign ions were prepared and 
the operating procedure was fol¬ 
lowed. The tolerance ratio was 
defined as the maximum concentra¬ 
tion ratio of foreign ions to Sb(III) 
or Sb(V) giving an error of less than 
5%. As can be seen from Table II, 
almost none of the ions interfere in 
the antimony speciation at concen¬ 
tration ratios greater than 100, with 
the exception of fluoride. 

The only interfering ion (fluo¬ 
ride) showed its interfering effect at 
the 10/1 ratio (F _1 /Sb). Further stud¬ 
ies indicated that at a concentration 
ratio of 8/1, the fluoride ion inter¬ 


ference causes an error of less than 
5%. Investigation of the fluoride 
interference effect showed that at 
fluoride presence (at a ratio of 10 
or higher), Sb(V) is not retained 
quantitatively by alumina. 

Preconcentration 

The very low concentration of 
Sb in most natural samples makes it 
necessary to examine the applica¬ 
bility of the proposed method for 
preconcentration of the antimony 
species. 

A binary solution containing 
50 pg L' 1 of each antimony species 
was used for this study. Different 
volumes of this solution from 50 to 
200 mL were pumped through the 
column at a flow rate of 4 mL min -1 
via ports 2 and 3 of the valve (Fig¬ 
ure lb) operating in LOAD mode. 

By using sample volumes up to 
100 mL, no drop in recoveries of 
Sb(III) and Sb(V) was observed. 
Increasing the sample volume to 
150 mL caused a 5% drop in Sb(III) 
retention, but there was no effect 
on the Sb(V) recovery. The Sb(V) 
recovery was quantitative even 
when up to 250 mL of the sample 
was employed. 

The antimony retention kinetics 
was studied in the 1-6 mL min -1 
range by preconcentrating 100 mL 
of 50 pg mL -1 of Sb(III) and Sb(V). 
Analysis of the solution collected 
after passing through the mini col- 


TABLE II 


The Effect of Foreign Ions on the 
Determination of 2.5 mg L -1 Sb(III) or Sb(V) 


Interferent 

Tolerance 3 

K + , NH 4 + , Na + , Mg 2+ , Ni 2+ , S0 4 2 -, NO/, 

1000 

MV, CH3COO-, PO> 


Br, r, cl 

500 

Cr(III), Cr(V), As(III), Se(IV), V(VI) 

200 

F- 

8 


a Maximum concentration ratio of interfering species to Sb(III) or Sb(V) giving an 
error of <5%. 
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umn revealed no detectable anti¬ 
mony species for either case. 
Therefore, it was concluded that 
the flow rate of the sample solution 
was not a critical factor. 

The flow rate of 4 mL min' 1 was 
chosen as the optimum for precon¬ 
centration. 

However, the preconcentration 
factor for Sb(V) and Sb(III) was 
evaluated to be 25 and 50, respec¬ 
tively. 

Analytical Performance and 
Applications 

The proposed method was 
applied to the preconcentration of 
Sb(V) and Sb(III) in the ranges of 
5-100 pg L' 1 and 9-100 pg L' 1 , 
respectively. The calibration graph 
was linear for Sb(V) with an equa¬ 
tion of: 

Aj = 5.4 x 10' 3 C x - 0.017 x 10' 3 

where C, is the concentration of 
Sb(V) in Mg L' 1 of the initial solution 
(100 mL), with r = 0.9994. For 
Sb(III), the calibration graph was 
linear with an equation of: 

A 2 = 3.2 x 10' 3 C 2 - 4.2 x 10' 3 

where C 2 is the concentration of 
Sb(III) in pg L' 1 of the initial solu¬ 
tion, with r = 0.9973- The concen¬ 
tration ranges in the final solution 
were 0.125-2.5 mg L' 1 for Sb(V) 
and 0.450-5 mg L" 1 for Sb(III). 

The analytical performance of 
the proposed procedure is shown 
in Table III. 

The applicability of the 
proposed method for speciation of 
antimony was carried out by mea¬ 
suring the Sb(V) and Sb(III) concen¬ 
trations in four different spiked 
samples. Spiked sample solutions 
(100 mL) of tap, underground, sea, 
and river water were subjected to 
the operating procedure. As shown 
in Table IV, good recoveries were 
obtained. 


TABLE III 

Analytical Performance 


Sb(V) 

Sb(III) 

Linear Range 

5 - 100 pg L' 1 

9 - 100 Mg L' 1 

Sensitivity 

5.4 x 10-3 a.u. (Mg L' 1 ) 

(f= 25) a 

5.4 x 10-3 a.u. ( M g L' 1 ) 

(f = 50) 

Detection Limit (3G) b 

0.3 Mg L' 1 (f = 25) 

1.5 Mg L' 1 (f = 50) 

Precision 11 

2’% (for 100 Mg L' 1 ) 

2.4% (for 100 Mg L' 1 ) 


a f = Preconcentration factor. 


b (n = 6). 


TABLE IV 

Spiked Water Sample Analysis and Recovery Studies 


Sample Sb Added (pg L' 1 ) 

Sb(V) Sb(III) 

Sb Found 1 (pg L' 1 ) 

Sb(V) Sb(III) 

Recovery (%) 
Sb(V) Sb(III) 

Tap Water 0.00 

0.00 

— 

— 

— 

— 

10.00 

10.00 

9.8 ±0.3 

9.6 ±0.3 

98.0 

96.0 

80.00 

80.00 

79.5 ± 1.5 

80.1 ± 2.05 

99.4 

100.1 

Underground 

Water (South 
of Tehran) 0.00 

0.00 





10.000 

10.00 

14.2 ± 0.18 

10.2 ± 0.22 

142.0 

102.0 

70.00 

70.00 

73.4 ± 1.1 

69.8 ± 0.20 

104.8 

99.7 

Caspian 

Seawater 0.00 

0.00 





20.00 

20.00 

20.4 ± 0.49 

20.2 ± 0.55 

102.0 

101.0 

55.00 

55.000 

56.1 ± 1.00 

55.8 ± 1.20 

102.0 

101.8 

Jajrood River 

Water (East of 
Tehran, 

Industrial 

Zone) 0.00 

0.00 





35.00 

35.00 

34.50 ± 0.73 

35.00 ± 0.80 

98.7 

100.0 

70.00 

70.00 

71.00 ± 1.20 

69.4 ± 0.75 

101.4 

99.1 


a Based on five measurements. 


CONCLUSION 

The proposed method allows the 
separation, determination, and 
simultaneous preconcentration of 
inorganic species of antimony 
[Sb(III) and Sb(V)] in a single sam¬ 
ple. The majority of reported meth¬ 
ods determine total antimony and 
one of the Sb species and then cal¬ 


culate the concentration of the 
other species by the difference. 
However with the presented 
method, the concentration of both 
antimony species was measured. 

The method is simple, sensitive, 
sufficiently and easily adaptable to 
routine and on-line analysis. 
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The method was successfully 
applied to the determination of 
Sb(V) and Sb(III) in spiked natural 
water samples with good recover¬ 
ies. 
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INTRODUCTION 

Chromium is an essential 
element for all vertebrates and 
appears to play a role in the metab¬ 
olism of glucose and some lipids 
such as cholesterol (1—3)- 
Chromium in natural waters exists 
mainly in two different oxidation 
states: Cr(III) and Cr(VI) (4). Exces¬ 
sive amounts of chromium, particu¬ 
larly the more toxic hexavalent 
chromium, are detrimental to 
human health as they may be 
related to the pathogenesis of some 
diseases such as skin allergies and 
gastrointestinal cancers (5). Moni¬ 
toring of chromium in biological 
and environmental samples is of 
great importance for the control of 
nutritional deficiencies and to pre¬ 
vent toxicity due to occupational 
exposure. 

Chromium in natural waters is 
normally present at the low pg L" 1 
level. In many cases, separation and 
preconcentration techniques are 
required to determine chromium at 
the ultra-trace levels in natural 
waters, even when the most sensi¬ 
tive techniques are used as, for 
instance, electrothermal atomic 
absorption spectrometry (ETAAS) 
and inductively coupled plasma 
mass spectrometry (ICP-MS). The 
most widely used techniques for 
the separation and preconcentra¬ 
tion of trace chromium include liq¬ 
uid-liquid extraction (LLE) (6, 7), 
co-precipitation (8), solid-phase 
extraction (SPE) (9, 10), and cloud 
point extraction (CPE) (11). LLE is 
one of the widely used preconcen- 
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ABSTRACT 

A new method is proposed 
using continuous-flow microex¬ 
traction (CFME) combined with 
graphite furnace atomic absorp¬ 
tion spectrometry (GFAAS) for 
the determination of chromium 
(III) in water samples. One drop 
(4.0 pL) of 8-hydroxyquinoline 
(Oxine) dissolved in chloroform 
is injected into a glass chamber 
by a microsyringe and remained 
at the outlet tip of a PTFE con¬ 
necting tube. The sample solu¬ 
tion flows through the tube and 
glass chamber, the solvent drop 
interacts continuously with the 
sample solution, and Cr(III) is 
extracted into the drop and con¬ 
centrated. After extracting for a 
period of time (10 minutes), the 
drop is retracted into the 
microsyringe and directly 
injected into the graphite furnace 
for GFAAS determination of 
Cr(III). Several factors affecting 
the extraction efficiency, such as 
solution pH, sample flow rate, 
drop volume and extraction time, 
were optimized. Under the opti¬ 
mized conditions, an enrichment 
factor of 32 was obtained, and 
the detection limit for Cr(III) was 
45 ng L" 1 . The relative standard 
deviation for seven replicate 
analyses of 10 ng mL" 1 of Cr(III) 
was 5.7%. The proposed method 
was applied to the determination 
of trace chromium in water sam¬ 
ples with satisfactory results. 


tration and matrix isolation tech¬ 
niques in the determination of 
metal ions. Although it offers high 
reproducibility and high sample 
capacity, it is considered to be a 
time- and labor-consuming proce¬ 
dure, has the tendency for emul¬ 


sion formation and poor potential 
for automation, and uses large 
amounts of hazardous and costly 
organic solvents. 

Recently, efforts have been 
made to miniaturize the LLE extrac¬ 
tion procedure by greatly reducing 
the solvent-to-aqueous phase ratio, 
leading to the development of the 
liquid-phase microextraction 
(LPME) methodology (12,13). LPME 
is based on the distribution effect 
of the analytes between a micro¬ 
drop of extraction solvent at the tip 
of a microsyringe needle and the 
aqueous sample solution. The sol¬ 
vent drop is first exposed to the 
sample solution and the target ana¬ 
lyte is then transferred from the 
sample matrix into the drop. After 
extracting for a prescribed period 
of time, the microdrop is retracted 
back into the microsyringe and 
transferred to the instrumentation 
for further analysis. LPME uses an 
inexpensive apparatus and virtually 
eliminates solvent consumption, 
and combines extraction, precon¬ 
centration, and sample introduction 
in one step. Since the method was 
first introduced by Liu and 
Dasgupta in 1996 (14), further stud¬ 
ies have exploited the analytical 
application of LPME. However, this 
method was mainly applied in the 
determination of organic pollutants 
and drugs in environmental and 
biological samples (15-18). To our 
knowledge, no application of LPME 
in the separation and preconcentra¬ 
tion of metal ions has been 
reported in the literature. 

Continuous-flow microextrac¬ 
tion (CFME) is a novel LPME 
method, which was first reported 
by Liu and Lee (19). In this method, 
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the extraction solvent drop is 
injected into a glass chamber by a 
conventional microsyringe and 
remained at the outlet tip of a PTFE 
connecting tube. The sample solu¬ 
tion flows through the tube and 
extraction glass chamber to waste, 
the solvent drop interacts continu¬ 
ously with the sample solution, and 
extraction proceeds simultaneously. 
Because the drop of solvent fully 
and continuously makes contact 
with the sample solution, this 
method could gain a higher con¬ 
centration factor. Hu et al. (20,21) 
made minor modifications to the 
method and combined it with low 
temperature electrothermal vapor¬ 
ization inductively coupled plasma 
atomic emission spectrometry/mass 
spectrometry (ICP-AES/MS) for the 
determination of trace elements. 

The aim of this work is to com¬ 
bine CFME with GFAAS and 
develop a new method for the 
determination of trace chromium in 
water samples. 8-hydroxyquinoline 
(Oxine) dissolved in chloroform 
was used as the extraction solvent. 
Factors affecting the extraction effi¬ 
ciency, such as solution pH, sample 
flow rate, drop volume and extrac¬ 
tion time, were studied and opti¬ 
mized. 

EXPERIMENTAL 

Instrumentation 

A TBS-990 atomic absorption 
spectrophotometer (Beijing 
Purkinge General Instrument Co. 
Ltd., Beijing, P.R. China) was used, 
equipped with a deuterium back¬ 
ground corrector and a GFH990 
graphite furnace atomizer. All mea¬ 
surements were performed using 
integrated absorbance (peak area). 
A hollow cathode lamp for Cr was 
operated at 2 mA. The optimum 
operating parameters for GFAAS are 
given in Table I. CFME extraction 
was performed in a homemade 
glass chamber (~0.2 mL). A Model 
2232 Microperpexs peristaltic 
pump (Pharmacia LKB, Upsalla, 


Sweden) and a 10-pL gas 
chromatography microsyringe 
(Shanghai, P.R. China) were used 
for delivery of the sample solution 
and introduction of the extraction 
solvent. A minimum length of PTFE 
tube (i.d. 0.5 mm) was used for all 
connections. The pH values were 
measured with a Mettler Toledo 
320-S pH meter (Mettler Toledo 
Instruments Co., Ltd., Shanghai, 

P.R. China) supplied with a com¬ 
bined electrode. 

Reagents and Solutions 

Stock standard solution 
(1.000 g L' 1 ) of Cr(III) was 
prepared by dissolving CrClyOH X) 
in 0.1 mol L" 1 hydrochloric acid. 
Working standard solutions were 
obtained by appropriate dilution of 
the stock standard solutions. A 
0.05M solution of 8-hydroxyquino- 
line (Oxine) was prepared by dis¬ 
solving appropriate amounts of this 
reagent in chloroform from the 
commercially available product. All 
other reagents were of analytical 
reagent grade or better. Doubly dis¬ 
tilled water made with a MYQ sub¬ 
boiling distilling water purification 
system (Changsha, P.R. China) was 
used throughout the entire study. 
The pipettes and vessels used for 
trace analysis were kept in 10% 
nitric acid for at least 24 h and sub¬ 
sequently washed four times with 
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doubly distilled water. 

General Procedures 

The schematic of the continu¬ 
ous-flow microextraction system 
used in this work is shown in Fig¬ 
ure 1. The CFME consists of four 
steps: 

(a) The aqueous sample was 
pumped continuously vertically 
upward and at a constant flow rate 
into the bulb glass extraction cham¬ 
ber (-0.2 mL) via the connecting 
PTFE tubing. 

(b) After the chamber was filled 
with the sample solution, 4.0 pL of 
Oxine-chloroform solution was 
introduced into the extraction 
chamber with a 10-pL GC microsy¬ 
ringe. At this point, a drop forms 


1 



Fig. 1. Schematic of continuous-flow 
microextraction system. 


TABLE I 

Operating Parameters for GFAAS 


Parameters 

Lamp Current 

2.0 mA 

Wavelength 

357.9 nrn 

Slit 

0.4 nm 

Ar Flow Rate 

200 mL min -1 (stopped during atomization) 

Sample Volume 

4 pL 

Temperature Program 

Drying 

120 °C (Ramp 18 s, Hold 15 s) 

Ashing 

700 °C (Ramp 10 s, Hold 20 s ) 

Atomizing 

2200 °C (Ramp 0 s, Hold 4s) 

Cleaning 

2400 °C (Ramp 1 s, Hold 3 s ) 
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which remains at the tip of the 
microsyringe above the PTFE tube 
outlet in extraction chamber. 

(c) As the solvent drop is immersed 
in the sample solution, the analyte 
is extracted into the solvent drop 
from the sample solution, with the 
sample solution being continuously 
ejected from the PTFE tubing into 
the chamber. 

(d) After extracting for a prescribed 
period of time (10 min), the solvent 
drop is retracted into the microsy¬ 
ringe and injected into graphite fur¬ 
nace for GFAAS determination. 

Calibration was performed 
against aqueous standards submit¬ 
ted to the same CFME procedure. 

A blank submitted to the same pro¬ 
cedure described above was mea¬ 
sured in parallel to the samples and 
calibration solutions. 

RESULTS AND DISCUSSION 

Effect of pH 

The pH plays a unique role on 
metal chelate formation and CFME 
extraction, so the effect of pH of 
the sample solution on the CFME 
extraction of Cr(III) was studied 
and the results are shown in Figure 
2. It can be seen that the maximum 
absorbance of Cr(III) is obtained 
when a pH of 3 is applied. Accord¬ 


ingly, a pH of 3 was selected for the 
subsequent work and the real 
water samples analysis. In order to 
avoid the change of Cr(III) to 
Cr(VI), HC1 instead of HN0 3 was 
used to adjust the pH of the sample 
solution. 

Flow Rate of Sample Solution 

In CFME, the flow rate of the 
sample solution could affect the 
extraction dynamics remarkably 
since the thickness of the interfa¬ 
cial layer surrounding the drop will 
vary with the change of flow rate, 
which will affect the mass transfer 
of the analytes in both phases 
involved in the extraction. The 
effect of sample flow rate was eval¬ 
uated using a flow rate ranging 
from 0.1 to 0.8 mL min -1 and the 
results are shown in the Figure 3- 
As can be seen, the absorbance of 
Cr(III) increased with the sample 
flow rate up to 0.4 mL min -1 . 
Reduction in absorbance was 
observed for Cr(III) after the flow 
rate exceeded 0.4 mL min -1 . This is 
possibly due to the linear velocity 
of the sample solution being too 
high to allow the establishment of 
extraction equilibrium in the inter¬ 
facial layer of both phases. There¬ 
fore, a flow rate of 0.4 mL min' 1 
was used for subsequent work. 


Solvent Drop Volume 

In CFME, the volume of extrac¬ 
tion solvent greatly affects the 
extraction efficiency. The influence 
of solvent drop volume on extrac¬ 
tion efficiency of Cr(III) was inves¬ 
tigated in the range of 1-5 pL with 
an extraction time of 10 minutes at 
a sample flow rate of 0.4 mL min -1 , 
and the result is shown in Figure 4. 
As can be seen, the absorbance of 
Cr(III) increased with the organic 
solvent volume up to 4.0 pL, then 
decreases slightly. On the other 
hand, the drop became too unsta¬ 
ble to suspend at the needle tip 
when the volume exceeded 5.0 pL. 
Thus, a drop volume of 4.0 pL was 
selected for subsequent 
experiments. 

Extraction Time 

The effect of extraction time on 
the extraction efficiency was inves¬ 
tigated from 2-15 minutes with a 
solvent drop volume 4.0 pL at a 
constant flow rate of 0.4 mL min' 1 . 
The absorbance of Cr(III) increased 
with extraction time, but a long 
extraction time could lead to a high 
preconcentration factor and may 
also result in organic drop dissolu¬ 
tion and poor precision. On basis of 
these facts, an extraction time of 10 
minutes was selected for 
subsequent experiments. 




Fig. 2. Effect ofpH on the CFME extraction of Cr (III). Fig. 3 • Effect of flow rate on the CFME extraction of Cr (III). 
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TABLE II 

Tolerance Limits of Coexisting Ions 



Fie. 4. Effect of solvent drop volume on the CFME extrac¬ 
tion of Cr (III). 


Coexisting Ions 

Foreign Ion-to-Analyte Ratio 

K + , Na + , Ca 2+ , Mg 2+ 


10,000 

Al 3+ , Ba 2+ 



1,000 

Cu 2+ , Co 2+ , Zn 2+ 


100 

Cd 2+ , Ni 2+ 

, Mn 2+ , Pb 2+ 


50 

Fe 3+ 



10 


TABLE III 


Determination of Cr(III) in Natural Water Samples 

Samples 

Added 

Found 

Recovery 


(fig L" 1 ) 

(fig L" ! 

) (%) 

Tap Water 

0 

2.6 



5 

7.7 

102 


10 

12.5 

99 

Lake Water 

0 

11.2 



5 

16.0 

96 


10 

20.9 

97 


Interferences 

The potential of interferences in 
the present system was 
investigated. Interference is due to 
the competition of other heavy 
metal ions for the chelating agent 
and their subsequent co-extraction 
with Cr(III). The tolerable limit was 
taken as a relative error of < ±5%. 
The tolerable concentration ratio of 
foreign ions to 10 ng mL" 1 Cr(III) 
was studied and the results are 
listed in Table II. As can be seen, 
large amounts of alkaline and alka¬ 
line earth metal ions show no inter¬ 
ference with the microextraction of 
Cr(III) under the selected 
conditions because of their very 
low stability constants of Oxine 
complexes. 

Evaluation of Method 
Performance 

For the purpose of quantitative 
analysis, a calibration curve for 
Cr(III) with concentrations ranging 
over four orders was obtained by 
spiking the standards directly into 
distilled water and extracting under 
optimal conditions. Linearity was 


observed over the range of 
0-80 ng mL' 1 with a correlation 
coefficient (R 2 ) of 0.9994. The limit 
of detection (LOD) for Cr(III), 
based on a signal-to noise ratio 
(S/N) of 3, was 45 ng L 1 . The preci¬ 
sion of this method was determined 
by analyzing a standard solution at 
10 ng mL -1 of Cr(III) for seven 
times in sequence, resulting in a 
relative standard deviation (RSD%) 
of 5.7%. The concentration factor 
(CF), defined as the ratio of the 
peak area of Cr(III) attained after 
and before CFME extraction, was 
32. 

Real Water Samples Analysis 

In order to demonstrate the per¬ 
formance of the proposed method, 
tap water from our laboratory and a 
natural water sample from the East 
Lake of Wuhan were analyzed for 
Cr(III) presence. All water samples 
were filtered through a 0.45-mm 
membrane filter and analyzed as 
soon as possible. In addition, recov¬ 
ery experiments for different 
amounts of chromium(III) were 
carried out. The results in Table III 


indicate that the recoveries were 
reasonable for trace analysis rang¬ 
ing from 96-102%. 

CONCLUSION 

A new continuous-flow microex¬ 
traction (CFME) method coupled 
with GFAAS was developed for the 
determination of chromium(III) in 
water samples at the low ng mL" 1 
level. The various parameters that 
affect the efficiency of CFME were 
optimized. The method is not only 
simple, virtually solvent-free, and 
low cost, but also proved to be sta¬ 
ble, reliable, and accurate. The 
extraction time of the method is 
shorter than the common LPME 
method. The optimized procedure 
revealed satisfactory precision with 
a %RSD of 5.7% and the limit of 
detection was 45 ng L" 1 . If the sam¬ 
ple contains both oxidation states 
of chromium, reducing agent could 
be added to convert Cr(VI) to 
Cr(III), then the total Cr could be 
determined by the proposed 
method. As discussed above, this 
microextraction technique has 
great potential in trace element 
analysis. 
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INTRODUCTION 

The accurate determination of 
trace elements in environmental 
and biological samples is an impor¬ 
tant and challenging task in analyti¬ 
cal chemistry. Heavy metals are 
often monitored in environmental 
and biological samples (1-5). Nev¬ 
ertheless, the accurate determina¬ 
tion of trace metals in many natural 
samples is extremely difficult 
because of the low concentration 
of these metals in a complex 
matrix. For this reason, an efficient 
separation and pre-concentration 
technique is frequently required. 

A number of separation/pre-con- 
centration methods have been used 
for trace metal determinations. 
These include precipitation/co¬ 
precipitation (6), liquid-liquid 
extraction (7,8), capillary micro¬ 
extraction (CME) (9,10), and solid- 
phase extraction (SPE) (11,12). 
Among these techniques, the 
SPE/CME techniques are superior 
to other procedures in terms of 
simplicity, consumption of small 
fractions of organic solvent, and 
the ability to obtain a higher enrich¬ 
ment factor (11,12). In the SPE 
technique, the extractant plays a 
fundamentally important role, and 
to develop an extractant (11,12) 
with the possibility of extracting a 
large number of elements over a 
wide pH range, fast and quantita¬ 
tive sorption and elution, high 
capacity, regenerability, and acces¬ 
sibility is always interesting to ana¬ 
lysts. Numerous substances, such as 
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ABSTRACT 

Cross-linked chitosan-bound 
FeC nano-particles (CCBFeCNP) 
were prepared, and the adsorp¬ 
tive behavior of Cr(III), Cu(II), 
and Cd(II) on CCBFeCNP was 
assessed. At pH 7.5, CCBFeCNP 
is selective towards Cr(III), 
Cu(II), and Cd(II). The retained 
Cr(III), Cu(II), and Cd(II) was 
subsequently eluted with 
0.5 mol L' 1 HC1. A new method 
of flow injection (FI) using a 
micro-column packed with 
CCBFeCNP as solid-phase extrac¬ 
tant has been developed for the 
determination of Cr(III), Cu(II), 
and Cd(II) in environmental sam¬ 
ples, followed by flame atomic 
absorption spectrometry (FAAS). 
The effects of pH, sample flow 
rate and volume, elution solution 
and interfering ions on the 
recoveries of Cr(III), Cu(II), and 
Cd(II) were systematically inves¬ 
tigated. Under optimum condi¬ 
tions, the adsorption capacities 
of CCBFeCNP for Cr(III), Cu(II), 
and Cd(II) were 10.5, 17.8, and 
20.3 mg g“\ respectively. The 
procedure presented was suc¬ 
cessfully applied to the determi¬ 
nation of Cr(III), Cu(II), and 
Cd(II) in environmental samples, 
and the results were satisfactory. 


modified silica (13), alumina (14), 
C60-NaDDC (15), cellulose (16), 
nanometer-sized material (17), and 
chelating resins (12) have been pro¬ 
posed and investigated with the 
development of SPE. 

The field of nano-composite 
materials has attracted the atten¬ 
tion, imagination, and scrutiny of 
scientists and engineers in recent 
years (18-24). Compared to the 
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traditional micron-sized supports 
used in the separation process, 
nano-sized carriers possess quite 
good performance due to a high 
specific surface area and the 
absence of internal diffusion resis¬ 
tance (18-21). Recently, Chang et 
al. found that the chitosan-bound 
Fe 3 0 4 nano-particles were shown 
to be quite efficient for the removal 
of Cu(II) ions (25) at pH >2, and 
Co(II) ions (26) at pH 3-7, with fast 
adsorption equilibrium. By using 
nano-particles, Gao et al. (27) deter¬ 
mined partition coefficient values 
of organic compounds in 
noctanol/water. In addition, Wu et 
al. (28) reported that most of the 
brilliant blue FCF (BBF) dye is 
adsorbed and desorbed within 15 
minutes on the organosilane-func- 
tionalized Fe 3 0 4 composite particles. 

All of the facts mentioned above 
reveal to us that nano-particles con¬ 
taining Fe compounds may have 
great analytical potential as a solid- 
phase extractant for extraction of 
Cr(III), Cu(II), and Cd(II) in envi¬ 
ronmental samples. However, so far 
there has been no report of its 
application as adsorbent for envi¬ 
ronmental samples. In this work, 
using FeC nano-particles as cores, 
an epichlorohydrin cross-linked chi¬ 
tosan-bound FeC nano-particle 
(CCBFeCNP) was prepared, and the 
analytical potential of CCBFeCNP as 
adsorbent for the extraction of 
Cr(III), Cu(II), and Cd(II) was 
assessed. This method, using a 
micro-column packed with 
CCBFeCNP as adsorbent, has been 
developed for the extraction of 
Cr(III), Cu(II), and Cd(II) in envi¬ 
ronmental samples prior to their 
determination by FAAS. 












EXPERIMENTAL 

Instrumentation 

The determination of metal ion 
concentrations was performed on a 
WFX-110 atomic absorption spec¬ 
trometer (Beijing Rayleigh Analyti¬ 
cal Instrument Company, Beijing, 
P.R. China) by using an air-acety¬ 
lene flame. A Model HL-2 peristaltic 
pump (Shanghai Qingpu 
Instrument Factory, P.R. China) 
was used in the separation and pre¬ 
concentration process. The pH val¬ 
ues were controlled with a PHS-25 
pH meter (Shanghai Exact Science 
Instruments Co. LTD., P.R. China) 
supplied with a combined 
electrode. The pH meter was cali¬ 
brated against two standard buffer 
solutions of pH 4.0 and 7.0. All 
instrumental parameters were used 
as recommended by the manufac¬ 
turers. 

A minimum length of PTFE tub¬ 
ing (i.d. 0.5 mm) was used for FI 
connections. A self-made PTFE 
micro-column (20 mm X 3.0 mm 
i.d.) was used. 

Standard Solutions and 
Reagents 

Stock solutions (1 g L -1 ) of 
Cr(III), Cu(II), and Cd(II) were pre¬ 
pared from high-purity CrCl 3 - 6H 2 0 
and CuCl 2 (The First Reagent Fac¬ 
tory, Shanghai, P.R. China), and 
stock solutions (1 g I.' 1 ) of Cd(II) 
were prepared by dissolving 
Cd(N0 3 ) 2 (purity >99.99%) in 
0.1 mol L -1 HN0 3 . Analytical stan¬ 
dard solutions of metals were pre¬ 
pared by diluting the stock 
solutions. 

Biochemicals: Chitosan (Shang¬ 
hai Boao Biological Science and 
Technology Co. LTD., P.R. China). 
The size of nano-particle FeC (Shen¬ 
zhen Zunye Nano-sized Material Co. 
LTD., P.R. China) was approxim- 
nately 25 nm. Britton-Robinson 
(B-R) buffer solution was used to 
adjust the pH, which was 
composed of an appropriate vol¬ 


ume of 0.04 mol L -1 H 3 P0 4 - 0.04 
mol L -1 HAc - 0.04 mol L -1 H 3 B0 3 
and 0.2 mol L -1 NaOH. 

All reagents used were of analyti¬ 
cal reagent grade. Doubly distilled 
water was used throughout. 

Preparation of CCBFeCNP 

The preparation method is simi¬ 
lar to the procedure reported by 
Yuan and coworkers (29). Firstly, 
two phases were prepared: Organic 
phase, 15 mL of paraffin was mixed 
with 5 mL of Span-80 (a non-ionic 
surfactant); water phase, 20 mL of 
2.5% chitosan in 3% HAc (v/v) solu¬ 
tion was mixed with 0.5 g of FeC 
nano-particles. Secondly, the water 
phase was added into the organic 
phase in drops at the stirring rate of 
1500 r min -1 . After reaction for 30 
minutes at room temperature at the 
stirring rate of 2000 r min -1 , the pH 
of the mixture was adjusted to 10 
with 1.0 mol L -1 NaOH (containing 
10% NaBH 4 solution) at the stir¬ 
ring rate of 1200 r min -1 . Thirdly, 
0.3 mL of epichlorohydrin was 
added and reacted within 40 min¬ 
utes at the temperature of 40 °C. 
Then, 0.3 mL of epichlorohydrin 
was added again and the stirring 
rate lowered to 1000 r min -1 for 
one hour. Then the stirring rate 
was lowered to 800 r min -1 and 
kept at 60-70 °C for 2 hours. After 
cooling, the solid was separated 
magnetically, rinsed with ether, 
acetone, 10% ethanol, doubly dis¬ 
tilled water, and vacuum-dried at 
50 °C prior to storage for later use. 

Column Preparation 

A total of 50 mg of CCBFeCNP 
was filled into a PTFE micro¬ 
column (20 mm X 3-0 mm i.d.), 
plugged with a small portion of 
glass wool at both ends. The col¬ 
umn was conditioned to the 
desired pH with B-R buffer 
solution. 

General Procedure 

A 10-mL portion of aqueous sam¬ 
ple solution containing Cr, Cu, and 


Cd was prepared, and the pH was 
adjusted to the desired value with 
B-R buffer solution. The solution 
was passed through the column at a 
flow rate of 1.5 mL min -1 by using a 
peristaltic pump. Afterwards, the 
metal ions retained on the micro¬ 
column were eluted with 1.0 mL 
of 0.5 mol L -1 HC1 at a flow rate of 
1.0 mL min -1 . The analytes in the 
elution were determined by FAAS. 
The column could be used repeat¬ 
edly after regeneration with 
0.2 mol L -1 NaOH solution and dis¬ 
tilled water, respectively. The rec¬ 
ommended procedure was used 
throughout the different tests that 
follow. 

RESULTS AND DISCUSSION 

Particle Morphologies of 
CCBFeCNP 

The adsorption characteristics of 
a material are related to its physical 
morphology; thus, the particle mor¬ 
phology of CCBFeCNP is an impor¬ 
tant factor affecting its performance. 
Figure 1 shows the morphologies 
of CCBFeCNP characterized by 
transmission electron microscopy 
(TEM), which was performed on a 
JEOL-2010 FEF microscope (200 V) 
using copper grids. 

Effect of pH on Adsorption 

The effect of pH on the reten¬ 
tion of Cr, Cu, and Cd on the col¬ 
umn of CCBFeCNP was 
investigated. In order to evaluate 
the effect of pH, the pH values of 
the sample solutions were adjusted 
ranging from 2.0 to 9.0 with B-R 
buffer solution. The results of the 
effect of pH on the recoveries of 
Cr, Cu, and Cd are shown in Figure 
2. It can be seen that Cu and Cd 
were absorbed poorly at a pH of 
less than 5. Quantitative recoveries 
(over 90%) for Cr, Cu, and Cd were 
obtained in the pH range of 
7.0-9.0. Thus, a pH of 7.5 was 
selected as the compromise condi¬ 
tion. 
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Effect of Flow Rates of Sample 
Solutions 

Since the retention of the ana¬ 
lytes on the adsorbent depends on 
the flow rate of the sample 
solution, the effect of the sample 
flow rate was examined under the 
optimum pH (7.5) by passing the 
sample solution through the micro¬ 
column with the flow rates ranging 
from 0.5 ~ 2.5 ml min' 1 . The 
results of the effect of pH on the 
recoveries of the studied ions are 
shown in Figure 3- It can be seen 
that quantitative recoveries of Cr, 
Cu, and Cd were obtained at flow 
rates of less than 1.5 mL min' 1 . The 
recoveries of Cr, Cu, and Cd will 
decrease with an increase in the 
flow rate from 0.5 to 2.5 ml min' 1 
due to a decrease in the adsorption 
kinetics at a high flow rate. Thus, a 
flow rate of 1.5 mL min' 1 was 
employed in this work. 

Effect of Desorption Condition 

With respect to stripping of Cr, 
Cu, and Cd from CCBFeCNP, 

1.0 mL of HC1 was employed and 
different concentrations of HC1 
were studied for the elution of Cr, 
Cu, and Cd retained in the micro¬ 
column at a flow rate of 1.0 mL 
min' 1 . The results obtained are 


given in Table I. As can be seen, 

0.5 mol L' 1 HC1 is sufficient for 
complete elution. The effect of elu¬ 
ent volume on the recoveries of the 
analytes was also studied by keep¬ 
ing the HC1 concentration at 0.5 
mol L' 1 . It was found that quantita¬ 
tive recoveries (over 90%) could be 
obtained with 1.0 mL of 0.5 mol L' 1 
HC1. Therefore, 1.0 mL of 0.5 mol 
L' 1 HC1 was used for the following 
experiments. 

The effect of desorption flow 
rate was examined at a flow rate of 
0.5-2.5 mL min' 1 withl.O mL of 
0.5 mol L' 1 HC1. The results are 
given in Figure 4. It was shown that 
the recoveries of Cr, Cu, and Cd 
strongly depended on the eluent 
flow rate; the higher the flow rate 
of HC1, the lower the recoveries 
of Cr, Cu, and Cd. When the flow 
rate was controlled within 
0.5-1.0 mL min' 1 , the recoveries 
of Cr, Cu, and Cd were over 90%. 
Therefore, a desorption flow rate 
of 1.0 mL min -1 was selected in this 
work. 

Effect of Sample Volume 

In order to explore the possibil¬ 
ity of enriching low concentrations 
of analytes from large volumes, the 
maximum applicable sample vol- 
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ume must be determined. For this 
purpose, 10, 25, 50, and 100 mL of 
sample volume were adopted to 
test the effect of sample volume. 
Sample solutions containing 2.0 pg 
Cr, Cu, and Cd at pH 7.5 were 
passed through the micro column 
at the optimum flow rate and the 
results are listed in Table II. It can 
be seen that quantitative recoveries 
(over 90%) were obtained with 
sample volumes less than 100 mL 
for Cr, Cu, and Cd. As described 
previously, 1.0 mL of 0.5 mol L' 1 
HC1 was enough to elute the ana¬ 
lyte adsorbed in the micro column. 
An enrichment factor of 100 was 
obtained with 100 mL of sample 
solution. This proves that samples 
with different analytes concentra¬ 
tion levels can be analyzed. 

Adsorption Capacity 

The adsorption capacity is an 
important factor to evaluate 
CCBFeCNP, because it determines 
how much CCBFeCNP is required 
to quantitatively concentrate the 
analytes from a given solution. 
Under optimum conditions, the 
determination of dynamic adsorp¬ 
tion capacity of a pure metal was 
performed based on the procedure 
recommended by Maquieira (30) 
where 25-mL aliquots of a series of 



Fig. 1. Transmission electron microscopy of coating performed 
on a JEOL-2010 FEF microscopy (200V) using copper grids. 



Fig. 2. Effect of pH on the adsorption of the studied metal ions 
on CCBFeCNP; Cr, Cu and Cd: 0.5 mg L-l. 
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Fig- 3■ Effect of flow rates of sample solutions; Cr, Cu and Cd: pig 4 Effect of 1.0 mL 0.5 mol L 1 HCl desorption flow rate; 

0.5 mg cr, Cu and Cd: 0.5 mg I:'. 


TABLE I 


Recoveries (%) With Different HCl Elution 


Eluent (HCl)/mol L 1 

Cr 

Cu 

Cd 

0.05 

54.7 

77.5 

81.9 

0.1 

79.8 

94.2 

96.2 

0.5 

91.4 

93.2 

95.1 

1.0 

95.2 

94.1 

96.7 

1.5 

93.8 

95.7 

95.4 


TABLE II 

Effect of Sample Volume on the Recovery (%) 
of Cr, Cu, and Cd 


Sample Volume (mL) 

Cr 

Cu 

Cd 

100 

91.8 

90.6 

91.4 

50 

92.5 

90.8 

90.2 

25 

90.1 

91.5 

93.3 

10 

92.3 

90.6 

92.8 



Mclallancancanlnilion ir g L 1 


Fig. 5. Breakthrough curve of the studied metal ions on 
CCBFeCNP; pH: 7.5; sample volume: 25 mL. 



TABLE III 

Effect of Interfering Ions on the 
Determination of 0.5 mg L -1 Cr, Cu , and Cd 


concentrations (5-100 mg mL -1 ) 
of a pure metal solution were 
adjusted to the appropriate pH, 

Interfering Concentration 
Ions (|ig mL -1 ) 

Cr 

Recovery (%) 

Cu 

Cd 

respectively, then analyzed accord¬ 
ing to the general procedure 

K+ 

5000 

90.6 

95.2 

91.2 

described previously. A 

Ca 2+ 

1000 

91.7 

93.4 

93.5 

breakthrough curve was obtained 
by plotting the total Cr, Cu, and Cd 

Na + 

5000 

92.0 

94.0 

92.6 

concentration (mg mL -1 ) versus the 

Mg 2+ 

3000 

90.0 

96.0 

102.0 

Cr, Cu, and Cd adsorbed per gram 

F“ 

1000 

92.0 

101.0 

90.7 

(mg g' 1 ) (see Figure 5), 

so 4 2 - 

500 

91.0 

92.0 

92.2 

respectively. The adsorption capac- 

h 2 po 4 - 

500 

91.3 

93.8 

91.8 

ity of a pure metal evaluated from 
the breakthrough curve was 10.5, 
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17.8, and 20.3 mg g" 1 CCBFeCNP 
for Cr, Cu, and Cd, respectively. 

Interferences of Coexisting Ions 

The effects of foreign ions on 
the adsorption of Cr, Cu, and Cd on 
CCBFeCNP were investigated. In 
these experiments, solutions of 
0.5 mg L" 1 of Cr, Cu, and Cd con¬ 
taining the added interfering ions 
were treated according to the rec¬ 
ommended procedure. The results 
are shown in Table III. The effect 
was expressed as the recovery in 
the presence of interfering ions 
relative to the interference-free 
response. As can be seen, 

5 mg mL" 1 Na + , K + ; 1 mg nil/ 1 Ca 2+ ; 
3 mg mL -1 Mg 2+ ; 1.0 mg mL' 1 F"; 
and 0.5 mg mL" 1 H 2 P0 4 " and S0 4 2 ' 
have no obvious influence on the 
separation or determination of Cr, 
Cu, and Cd under the selected con¬ 
ditions. 

Regeneration and Stability of 
the Column 

The stability and potential regen¬ 
eration of the column were investi¬ 
gated. The column can be re-used 
after regeneration with 10 mL of 
0.2 mol L" 1 NaOH and 10 mL of dis¬ 
tilled water. It is stable for up to 15 
adsorption-elution cycles without 
obvious decrease in the recoveries 
for the studied ions. 


Analytical Performance 

The detection limits (evaluated 
as the concentration corresponding 
to three times the standard devia¬ 
tion of 9 runs of the blank solution) 
of this method for Cr, Cu, and Cd 
with an enrichment factor (EF) of 
100 were 52.4, 60.2, and 55.7 ng L" 1 , 
respectively; and the relative stan¬ 
dard deviations (RSDs) were 2.5%, 
4.2%, and 3-0%, respectively (n = 9, 
c=20 ng mL' 1 ). For comparison of 
the analytical characteristics of this 
method, the figures of merit of vari¬ 
ous methods for the extraction of 
Cr, Cu, and Cd using column pre¬ 
concentration are listed in Table IV. 
As can be seen, the LODs and the 
enrichment factor of this method 
are superior to most of the other 
methods (31-34). 

Analytical Application 

In order to establish the validity 
of the proposed procedure, the 
method has been applied to the 
determination of studied elements 
(Cr, Cu, and Cd) in a standard refer¬ 
ence material (GBW07605 Tea 
Leaves). A 0.30 g amount of 
GBW07605 Tea Leaves was 
weighed and dissolved in 20 mL of 
HN0 3 -HC10 4 (4:2, v/v) on a hot 
plate under mild heating and vapor¬ 
ized to near dryness, then finally 
dissolved in 10 mL of a pH 7.5 B-R 
buffer solution. The content of the 


studied elements was determined 
according to the recommended 
procedure. The results are 
presented in Table V. As can be 
seen, the results obtained are in 
good agreement with the reference 
values. 

The proposed method was 
applied to the determination of Cr, 
Cu, and Cd in a natural lake water 
sample (Qingshan Lake, Huangshi, 
P.R. China), and the spike recover¬ 
ies of spiked of the studied ions 
were determined. The collected 
lake water sample was filtered 
through a 0.45-pm membrane filter 
and analyzed as soon as possible 
after sampling. The analytical 
results and the recoveries are given 
in Table VI. The results indicate 
that the recoveries are reasonable 
for trace analysis, ranging from 
91.0-103.0%. 

CONCLUSION 

The adsorption behavior of Cr, 
Cu, and Cd on cross-linked 
chitosan-bound FeC nano-particles 
(CCBFeCNP) was studied systemati¬ 
cally and found to be 20.5, 17.8, 
and 20.3 mg g" 1 , respectively. The 
method is simple, sensitive, and 
selective for the extraction and 
determination of these elements in 
environmental samples using 
CCBFeCNP as solid-phase extrac- 


TABLEIV 

Figures of Merit of Methods for Extraction of Cr, Cu, and Cd Using Column Preconcentration 


Matrix 

Analyte Retained 
by the Column 

Preconcentration Material 
and Enrichment Factor 

LOD 

Detection 

Technique 

Ref. 

Lake Water 

Cr, Cu, and Cd 

CCBFeCNP (EF 100) 

52.4 - 60.2 ng L" 1 

FAAS 

This 

work 

Natural Water 
Samples 

13 trace metals, including 
Be, Cd, Cr, Cu and Pb 

Iminodiacetate chelating 
resin (EF 19) 

0.001 - 0.18 
ng mL' 1 

AES 

31 

Waters, Rice, and 
Coal Samples 

Cd/Cr/Cu/Pb -alphabenzoin Diaion SP-850 resin 
oxime complex (EF 50) 

0.30 - 0.65 ng mL" 1 

AAS 

32 

Lake Water 

Cd, Cr, Cu, and Mn 

Immobilized nanometer 
TiO z (EF 50-150) 

21 - 48 ng L' 1 

AES 

33 

Water and 
Sediments 

Cr(VT) - APDC complex 

Polytetrafluoroethylene 
(PTFE) turnings (EF80) 

0.8 ng mL" 1 

AAS 

34 


187 









TABLE V 

The Analytical Results of Standard Reference 
Material (GBW07605 Tea Leaves) (jig g -1 ) 


TABLE VI 

Determination of Metal Ions in Lake Water (ng mL -1 ) 


Element 

Reference Value 

Found 1 

Cr 

0.80 ± 0.02 

0.75 ± 0.03 

Cu 

17.3 ± 1.0 

16.5 ± 1.2 

Cd 

0.057 ± 0.008 

0.064 ± 0.006 


1 The value following “± ”is the standard deviation (n =3). 


tion adsorbent. The precision and 
accuracy of the method is satisfac¬ 
tory. The method may be used for 
the determination of Cr, Cu, and Cd 
in various matrices other than envi¬ 
ronmental samples. 
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ABSTRACT 

A method was developed 
using the multi-element graphite 
furnace atomic absorption spec¬ 
trometry technique for the direct 
and simultaneous determination 
of As, Cu, and Pb in Brazilian 
sugar cane spirit (cachaqa) sam¬ 
ples. Also employed was the end- 
capped transversely heated 
graphite atomizer (THGA) with 
platforms pre-treated with W per¬ 
manent modifier and co-injection 
of Pd/Mg(N0 3 ) 2 . Pyrolysis and 
atomization temperature curves 
were established in a cachaca 
medium (1 + 1; v/v) containing 
0.2% (v/v) HN0 3 and spiked with 
20 |ig L" 1 As and Pb and 200 pg L" 1 
Cu. The effect of the concentra¬ 
tion of major elements usually 
present in cachaqa matrices (Ca, 
Mg, Na, and K) and ethanol on 
the absorbance of As, Cu, and Pb 
was investigated. Analytical 
working solutions of As, Cu, and 
Pb were prepared in 10% (v/v) 
ethanol plus 5.0 mg L _1 Ca, Mg, 


INTRODUCTION 

Brazilian sugar cane spirit 
(cachaca) is a distilled beverage 
produced by fermentation of sugar 
cane and appreciated by people 
around the world (1-3)- The annual 
production of cachaca is around 
2 billion liters, representing 
U.S. $2.5 billion for this agribusi¬ 
ness activity. Knowledge of the 
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Na, and K. Acidified to 0.2% (v/v) 
HN0 3 , these solutions were suit¬ 
able to build calibration curves 
by matrix matching. The 
proposed method was applied to 
the simultaneous determination 
of As, Cu, and Pb in commercial 
sugar cane spirits. The character¬ 
istic mass for the simultaneous 
determination was 16 pg As, 

119 pg Cu, and 28 pg Pb. The 
pretreated tube lifetime was 
about 450 firings. The limit of 
detection (LOD) was 0.6 pg L _1 
As, 9.2 pg L _1 Cu, and 0.3 pg L _1 
Pb. The found concentrations 
varied from 0.81 to 4.28 pg L _1 
As, 0.28 to 3.82 mg L _1 Cu and 
0.82 to 518 pg L _1 Pb. The recov¬ 
eries of the spiked samples varied 
from 94-112% (As), 97-111% 
(Cu), and 95-101% (Pb). The rel¬ 
ative standard deviation (n=12) 
was 6.9%, 7.4%, and 7.7% for As, 
Cu, and Pb, respectively, present 
in a sample at 0.87 pg L _1 , 

0.81 mg L _1 , and 38.9 pg L _1 
concentrations. 


chemical composition of cachaca 
has improved over the years (4-5), 
so that producers can successfully 
control the sensory profile and 
ensure high quality of the final 
product. 

The chemical composition of 
cachaca is relatively complex. 
Among the main organic 
substances usually found is ethanol, 
varying from 38-48% (v/v). Minor 
compounds such as higher 
alcohols, acids, esters, aldehydes, 
and ketones delineate the bouquet 
of the beverage (6). Calcium, Cu, 
Fe, Mg, K, and Na are the main 


inorganic elements, but a few cont¬ 
aminants such as Pb and As may be 
found at lower concentrations. For 
trade market reasons, the maximum 
allowable levels of As, Cu, and Pb 
were set at 0.1 mg L _1 , 5 mg L' 1 , 
and 0.2 mg L' 1 , respectively, for 
Brazilian cachaca by the Brazilian 
Ministry of Agriculture, Livestock, 
and Food Supply (7). 

Among the main analytical tech¬ 
niques employed for the determina¬ 
tion of inorganic trace metals in an 
alcoholic matrix are atomic absorp¬ 
tion (5,8-9) and mass (10-11) spec¬ 
trometry. Inductively coupled 
plasma mass spectrometry (ICP-MS) 
and graphite furnace atomic 
absorption spectrometry (GFAAS) 
are the most sensitive techniques 
for trace metals analysis. ICP-MS 
instrumentation has the capability 
for multi-elemental and isotopic 
determinations but is very expen¬ 
sive, requires highly skilled 
analysts, and is thus out of reach for 
the general laboratory. GFAAS, on 
the other hand, is a more simple 
technique, well-established, 
exhibits high selectivity and sensi¬ 
tivity, and is easily adjustable for 
solid sampling (2,12-14). 

However, matrix interferences of 
special samples, such as fuel 
ethanol (15) and cachaca (2,9,14), 
limit the application of GFAAS. 
These drawbacks may be circum¬ 
vented by using standard addition 
(8,16) or matrix matching (17-18) 
as the calibration method. 

Little attention has been given in 
the literature to the development of 
methods for the direct and simulta¬ 
neous determination of As, Cu, and 
Pb in cachaca by GFAAS. This study 


4 Atom 


Atomic Spectroscopy 

Vol. 28(5), Sept./Oct. 2007 


189 








reports a simple and fast method 
for the direct and simultaneous 
determination of As, Cu, and Pb in 
cachaca by GFAAS with a 
transversely heated graphite atom¬ 
izer (THGA™, PerkinElmer) and 
longitudinal Zeeman-effect back¬ 
ground correction. Tungsten as per¬ 
manent modifier with co-injection 
of palladium + magnesium nitrate is 
proposed here to increase the 
THGA lifetime. The performance of 
the proposed method was checked 
by the analysis of commercial 
Brazilian sugar cane spirit samples. 

EXPERIMENTAL 

Instrumentation 

All measurements were 
performed on a PerkinElmer 
SIMAA™ 6000 simultaneous multi¬ 
element atomic absorption spec¬ 
trometer, equipped with a 
transversely heated graphite atom¬ 
izer (THGA), longitudinal Zeeman- 
effect background (BG) corrector, 
and an AS-72 autosampler 
(PerkinElmer Life and Analytical 
Sciences, Shelton, CT, USA). The 
experiments were carried out 
under stabilized temperature plat¬ 
form furnace conditions (19-20). 
The platform of the end-capped 
graphite tube (PerkinElmer, Part 
Number B3000653) was coated 
with tungsten by using the facilities 
provided by the original software 
of the autosampler and graphite 
furnace. A mass of 250 pg W was 
thermally and sequentially 
deposited onto the integrated plat¬ 
form as described elsewhere 
(21-22). A PerkinElmer electrode¬ 
less discharge lamp for As (oper¬ 
ated at 380 mA current) and a 
Lumina™ hollow cathode lamps of 
Cu (10 mA) and Pb (20 mA) were 
employed as the radiation sources. 
The spectral lines at 193-7 nm, 

249.2 nm, and 283-3 nm were 
selected to measure As, Cu, and Pb, 
respectively, with a spectral band¬ 
pass of 0.7 nm. High purity argon 
(99-999%, White Martins, Brazil) 


was used as the purge gas through¬ 
out at a flow rate of 250 mL min -1 . 
This flow was stopped during the 
atomization step. Other operating 
conditions were carried out accord¬ 
ing to the recommendations of the 
manufacturer. 

Reagents, Analytical Solutions, 
and Samples 

High purity water (resistivity 
18.2 MO.cm), obtained by a Milli- 
pore Rios 5™ reverse osmosis and 
a Millipore Milli-Q Academic™ 
deionizer system (Bedford, MA, 
USA), was used throughout the 
work. Suprapur™ nitric acid 
(Merck, Darmstadt, Germany) and 
anhydrous ethanol (99-9% P A., 

J.T. Baker, Xalostoc, Mexico) were 
used to prepare the working stan¬ 
dard solutions. The tungsten chemi¬ 
cal modifier (1.00 g L _1 ) was 
prepared by dissolving 0.1794 g of 
Na 2 W0 4 .2H 2 0 (Merck, Darmstadt, 
Germany) in 100 mL of deionized 
water. The 0.1% (m/v) Pd/Mg(N0 3 ) 2 
chemical modifier solution was pre¬ 
pared by appropriate dilution of 
each 10.0 g L 1 Pd(N0 3 ) 2 and 
Mg(N0 3 ) 2 stock solutions (Merck, 
Darmstadt, Germany). 

For calibration, multi-elemental 
analytical working solutions were 
prepared daily by appropriate dilu¬ 
tion of the 1000 mg L" 1 stock solu¬ 
tions of As, Cu, and Pb (Titrisol®, 
Merck, Darmstadt, Germany). Ana¬ 
lytical working solutions (5.0, 10, 
15, and 20 pg L" 1 As and Pb; 50, 

100, 150, and 200 pg L' 1 Cu) were 
prepared in 10% (v/v) ethanol plus 
5.0 mg L' 1 Ca, Mg, Na, and K and 
acidified to 0.2% (v/v) HN0 3 to 
build the calibration curves by 
matrix matching. For calibration, 

5 pL of 0.1% (m/v) Pd plus 3 pL of 
0.1% (m/v) Mg(N0 3 ) 2 and 20 pL of 
a blank or analytical solution were 
sequentially injected into the pre¬ 
heated graphite atomizer at 80 °C 
in order to obtain a faster drying 
step. For analysis of the samples, 

5 pL of 0.1% (m/v) Pd, 3 pL of 0.1% 
(m/v) Mg(N0 3 ) 2 , 10 pL of a solu¬ 


tion containing 0.4% (v/v) HN0 3 + 
20% (v/v) ethanol, and 10 mg L1 
Ca, Mg, Na, K plus 10 pL of the 
samples were sequentially injected 
onto the graphite furnace platform. 
All measurements of integrated 
absorbance were made at least in 
triplicate. 

The solution inside the autosam¬ 
pler reservoir was 0.2% (v/v) 

HNO } . Brazilian sugar cane spirits 
were purchased at the local market 
in Araraquara, Sao Paulo State, 
Brazil, and analyzed without previ¬ 
ous treatment. All solutions were 
stored in Nalgene™ high-density 
polypropylene flasks (Nalge Nunc 
International, Rochester, NY, USA). 
Plastic bottles, autosampler cups, 
and glassware were cleaned by 
soaking overnight in a 10% (v/v) 
HN0 3 solution and rinsing abun¬ 
dantly in de-ionized water before 
use. 

Procedure 

Since the concentration of Cu in 
cachaca is typically higher than 
those encountered for As and Pb, 
the absorbance measurements of 
As, Cu, and Pb were carried out at 
primary lines of As (193 -7 nm) and 
Pb (283-3 nm), but at a secondary 
line for Cu (249.2 nm). The pyroly¬ 
sis and atomization temperature 
curves were built in order to select 
the optimum pyrolysis and atomiza¬ 
tion temperatures for each analyte, 
taking into consideration the pre¬ 
requisites for simultaneous detec¬ 
tion. Since the heating program of 
the graphite tube is common for all 
analytes, the pyrolysis temperature 
should be as high as possible to 
guarantee matrix elimination; how¬ 
ever, this temperature is limited by 
the most volatile element of the 
group. On the other hand, the 
atomization temperature should be 
as low as possible to avoid faster 
graphite tube deterioration, and 
this temperature is limited by 
refractory elements. The pyrolysis 
and atomization temperature 
curves were established in diluted 
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cachaca (1+1; v/v) containing 0.2% 
(v/v) HN0 3 and spiked with 
20 jag L" 1 As and Pb and 200 pg L' 1 
Cu. All measurements were carried 
out using three replicates. The 
influence of variation of concentra¬ 
tion of Ca, Mg, K, Na, ethanol, and 
the mixture of them was evaluated 
by processing a solution containing 
20 pg L _1 As, Pb andlOO pg L _1 Cu 
acidified to 0.2% (v/v) HN0 3 and 
comparing the respective absorbance 
with solutions containing: 

(a) Ca (0-20 mg L 1 ); 

(b) K (0-20 mg L" 1 ); 

(c) Na (0-20 mg L" 1 ); 

(d) Mg (0-20 mg L 1 ); 

(e) anhydrous ethanol (0-50% v/v), 

(f) Ca, K, Na, Mg (0-20 mg L" 1 ) plus 
anhydrous ethanol (0-20% v/v). 

Plots of the integrated 
absorbance of As, Cu, and Pb ver¬ 
sus concentration of foreign 
species were built up aiming to 
illustrate eventual interferences. 
After these studies, analytical solu¬ 
tions were prepared in the follow¬ 
ing diluents to verify the optimal 
analysis conditions: 

(a) 0.2% (v/v) HN0 3 , 

(b) three diluted cachaca samples, 

(c) ethanol (10, 25 and 50%, v/v), 

(d) ethanol 10% (v/v) + 5 mg L _1 
Ca, Mg, Na and K, and 

(e) 5 mg L' 1 Ca, Mg, Na, and K. 

In all procedures, the solutions 
were acidified to 0.2% (v/v) HN0 3 . 

Precision Study 

After optimization of the parame¬ 
ters, the proposed procedure was 
applied to As, Cu, and Pb determi¬ 
nation in 12 Brazilian commercial 
cachaca samples in order to assess 
the accuracy and precision of the 
method. In addition, analyte recov¬ 
ery tests were carried out in 10 
cachaca samples spiked with 
10 pg L _1 As and Pb, and 100 mg L _1 
Cu. 


RESULTS AND DISCUSSION 

Optimization of the Graphite 
Furnace Conditions 

Shown in Figure 1 are the pyrol¬ 
ysis and atomization temperature 
curves for As, Cu, and Pb employ¬ 
ing W + Pd/Mg(N0 3 ) 2 as modifiers. 
The optimal pyrolysis and atomiza¬ 
tion temperatures were 1200 °C 
and 2100 °C, respectively. The 
optimized heating program of the 
graphite tube employed for the 
direct and simultaneous determina¬ 
tion of As, Cu, and Pb in sugar cane 
spirits is illustrated in Table I. The 
pretreated tube lifetime was about 
450 firings. 
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Interference Studies 

Sodium, potassium, calcium, 
magnesium, and ethanol were 
tested as foreign species since they 
are the major chemical components 
of most cachagas. Figure 2 
illustrates the influence of these 
interferents on the absorbance of 
As, Cu, and Pb. Calcium and 
sodium did not alter the absorbance 
of all analytes. Potassium at concen¬ 
trations of >10 mg L" 1 interfered on 
the Pb and As signals. A slight 
reduction in arsenic absorbance 
was observed at magnesium con¬ 
centrations of >10 mg L' 1 . The 
effect of ethanol was more 
pronounced for the As signals at 
concentrations of >10% (v/v) 
ethanol. It should be pointed out 



Fig. 1. Pyrolysis and atomization curves for 0.4 ng As and Pb, and 4.0 ng Cu in 
cachaqa medium employing W + Pd/Mg(NO$) 2 as chemical modifier. 

TABLE I 

Optimized Heating Program of the Graphite Tube 
for the Direct and Simultaneous Determination 
of As, Cu and Pb in Brazilian Sugar Cane Spirits 


Step 

Temp. 

(°C) 

Ramp 
Time (s) 

Hold 
Time (s) 

Argon Flow 

Rate (mL min -1 ) 

Drying 1 

100 

5 

5 

250 

Drying 2 

120 

5 

10 

250 

Pyrolysis 

1200 

10 

30 

250 

Atomization 

2100 

0 

5 

0 

Cleaning 

2450 

1 

5 

250 

Injection temperature: 80°C 
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that for a solution containing either 
5 mg L' 1 Na, K, Ca, or Mg in 10% 
(v/v) ethanol, no measurable alter¬ 
ation in analyte absorbance was 
observed. Thus, this ethanol solu¬ 
tion was selected as the diluent for 
matrix-matched calibrations. 

Matrix effects were evaluated by 
comparing the slopes of analytical 
curves (see Table II) prepared in 
the following media: 

(a) 0.2% (v/v) HN0 3 , 

(b) three diluted cachacas (1+1, v/v), 

(c) 10%, 25% and 50% (v/v) of 
ethanol, 

(d) 10% (v/v) ethanol plus 5.0 mg L _1 
Ca, Mg, Na, and K, and 

(e) 5.0 mg L" 1 Ca, Mg, Na, and K. 

The solutions above were acidified 
to 0.2% (v/v) HN0 3 and spiked 
with the analytes in order to pro¬ 
duce calibration curves in the 
0-20 pg L' 1 As and Pb, and 
0-200 jag L _1 Cu concentration 
ranges. The analysis of Table II 
reveals that calibration curves pre¬ 
pared in 0.2% (v/v) HN0 3 were 
inappropriate to determine As, Cu, 
and Pb simultaneously in the 
cachaca samples. The use of analyti¬ 
cal solutions containing 10% (v/v) 
ethanol plus 5.0 mg L" 1 of Ca, K, 

Na, Mg in 0.2% (v/v) HN0 3 were 
effective to circumvent matrix 
effects for practically all samples 
analyzed. So this was the optimum 
diluent for calibration by matrix 
matching. Tungsten with co-injec- 
tion of Pd/Mg(NO } ) 2 acted as an 
effective modifier for the simultane¬ 
ous determination of As, Cu, and Pb 
in the cachaca matrix since similar 
atomization signals were obtained 
for the different samples. It should 
be stressed that although the mix¬ 
ture Pd/Mg(N0 3 ) 2 is proposed for 
the simultaneous determination of 
As and Cu in fuel ethanol (23), this 
modifier was not efficient for the 
cachaca samples, indicating that 
ethanol and cachaca represent sig¬ 
nificantly different matrices. 


Analysis of Real Samples 

For 20 pL of injected standard 
solutions in the 0-20 pg L _1 As and 
Pb, and 0-200 pg I/ 1 Cu concentra¬ 
tion intervals, analytical curves 
were established and linear correla¬ 
tions of r 2 > 0.999, r 2 > 0.997, and 
r 2 > 0.999 were typically obtained 
for As, Cu, and Pb, respectively. 
Limits of detection (LODs) were 
calculated based on the standard 
deviation of 12 measurements of a 
blank solution prepared in nitric 
acid 0.2% (v/v) according to IUPAC 
regulations (24). The LOD was 
0.6 pg L" 1 As, 9.2 pg L" 1 Cu, and 
0.3 pg L" 1 Pb, and the relative stan¬ 


dard deviations (n = 12) were 6.9%, 
7.4%, and 7.7% for As, Cu, and Pb, 
respectively, present in a sample 
at 0.87 pg L" 1 , 0.81 mg L _1 , and 
38.9 pg L _1 concentrations. 

The proposed method was 
applied for the direct determination 
of As, Cu, and Pb in 12 Brazilian 
sugar cane spirits. The concentra¬ 
tion of contaminants varied from 
0.81-4.28 pg L' 1 As, 0.28-3.82 mg L _1 
Cu, and 0.82-518 pg L _1 Pb. (Table 
III). Only three samples presented a 
lead content higher than 200 pg L" 1 
Pb, the maximum established by 
the Brazilian Ministry of 
Agriculture, Livestock and Food 



Fig. 2. Effect of variation of concentration CO-20 mg t:') of calcium (A), potassium 
(B), sodium (C), magnesium (D), ethanol (E) and combined metals in 25% (v/v) 
ethanol (F) on the absorbance of 20 fig L' 1 As (■), 20 jug L~ ! Pb (7) and 100 jug l.' 1 
Cu (O) in 0.2 mol V 1 HNQ 3 . 
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TABLE II 

Slopes and Correlation Coefficients Obtained for As, Cu, and Pb in Different Matrices 


Analytical Solutions 

As 

S (Slope) 
Cu 

Pb 

R 2 (Correlation Coefficient) 

As Cu Pb 

0.2% HN03 

0.02197 

2.894E-4 

0.00574 

0.99981 

0.99964 

0.99989 

Cachaca 1 

0.02130 

2.316E-4 

0.00449 

0.99867 

0.99923 

0.99924 

Cachaca 2 

0.02022 

2.228E-4 

0.00494 

0.99964 

0.99829 

0.99943 

Cachaca 3 

0.01969 

2.426E-4 

0.00479 

0.99895 

0.99927 

0.99715 

Ethanol 10% (v/v) 

0.01910 

1.774E-4 

0.00577 

0.99938 

0.99987 

0.99930 

Ethanol 25% (v/v) 

0.01789 

1.642E-4 

0.00539 

0.99980 

0.99919 

0.99914 

Ethanol 50% (v/v) 

0.01706 

1.536E-4 

0.00540 

0.99902 

0.99719 

0.99860 

5.0 mg L' 1 Ca, Mg, Na, K 

0.01725 

2.412E-4 

0.00520 

0.99855 

0.99914 

0.99948 

Ethanol 10% (v/v) plus 

5.0 mg L 1 Ca, Mg, Na, K 

0.02048 

2.304E-4 

0.00478 

0.99980 

0.99854 

0.99778 


TABLE III 

Results for As, Cu, and Pb in Brazilian Sugar Cane Spirits (mean ± standard deviation) Using 
the Developed Procedure Without Sample Treatment and Recoveries (in %) for Spiked Spirit Samples 


Sample 

As (pg L" 1 ) 

Concentration of Analytes 

Cu (mg L 1 ) Pb (pg L 1 ) 

As 

Recoveries (%) 
Cu 

Pb 

1 

2.21 ± 0.04 

2.05 ± 0.05 

1.50 ±0.13 

97 

110 

96 

2 

0.961 ± 0.042 

0.932 ± 0.042 

44.3 ± 1.50 

97 

99 

95 

3 

1.87 ± 0.08 

0.220 ± 0.012 

25.4 ± 0.78 

101 

111 

101 

4 

4.28 ± 0.01 

3.61 ± 0.11 

518 ± 4.17 

100 

110 

96 

5 

3.07 ± 0.16 

1.82 ± 0.03 

38.9 ± 1.99 

97 

99 

98 

6 

3.26 ± 0.18 

0.810 ± 0.011 

0.820 ± 0.031 

112 

103 

97 

7 

2.24 ± 0.08 

1.20 ± 0.02 

438 ± 5.26 

94 

104 

103 

8 

0.960 ± 0.022 

0.430 ± 0.010 

216 ± 3.89 

107 

97 

100 

9 

2.90 ± 0.14 

2.78 ± 0.09 

11.3 ±0.34 

95 

98 

94 

10 

0.873 ± 0.031 

0.281 ± 0.011 

2.04 ± 0.08 

99 

98 

98 

11 

0.812 ± 0.011 

3.82 ± 0.04 

93.0 ± 4.18 

101 

100 

101 

12 

1.24 ± 0.08 

1.30 ± 0.02 

49.8 ± 2.58 

108 

97 

99 


Supply (7). The levels of As, Cu, 
and Pb found in this work were 
close to those obtained for cachaca 
(0-3.0 |ig L' 1 As, 0-3.64 mg L" 1 Cu, 
and 0-526.0 mg L' 1 Pb) reported in 
the literature (5,9,12,14). 


Accuracy studies were also car¬ 
ried out using recovery experiments 
for cachaca samples spiked with 
10 jug L _1 As and Pb, and 100 pg I/ 1 
Cu. Recoveries for As, Cu, and Pb 
spikes were in the 94-112%, 


97-111%, and 95-101% range, 
respectively. Calculated characteris¬ 
tic mass values (m 0 , in pg/0.0044 
A.s) for As, Cu, and Pb were 16, 
119, and 28, respectively. It is inter¬ 
esting to note that typical charac- 
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teristic mass values for single-ele¬ 
ment conditions for the THGA fur¬ 
naces recommended by the 
manufacturer are 40, 17, and 30 pg 
(25). The value for As is 2.5-fold 
lower than that recommended in 
single-element condition and practi¬ 
cally equal for Pb. It is important to 
emphasize that for copper the cal¬ 
culated characteristic mass in the 
proposed method was 11-fold 
higher when compared with the 
recommended value in single-ele¬ 
ment condition due to the less sen¬ 
sitive wavelength used. 

CONCLUSION 

This work presents a simple, 
fast, and accurate method for the 
direct and simultaneous determina¬ 
tion of As, Cu, and Pb in sugar cane 
spirit (cachaca) samples by graphite 
furnace atomic absorption 
spectrometry. The recovery values 
of the spiked samples indicated that 
no sample treatment was necessary 
to accurately determine arsenic, 
copper, and lead in commercial 
sugar cane spirit samples. The 
limits of quantification obtained 
(2.0 pg L _1 As, 40 pg L" 1 Cu, and 
1.2 pg L" 1 Pb) exceeded the 
requirements according to the 
Brazilian Food Regulations (decree 
number 13 from the Brazilian Min¬ 
istry of Agriculture, Livestock and 
Food Supply) which established the 
maximum permissible level for As, 
Cu, and Pb at 0.1 mg L' 1 , 5 mg L _1 
and 0.2 mg L' 1 , respectively, in 
cachaca. With the proposed 
method, around 15 measurements 
per hour can be performed. It is 
important to point out that the 
atomizer lifetime was limited by the 
durability of the external wall of 
the tube (the external wall usually 
deteriorates faster than the 
platform). For comparison 
purposes, the lifetime of the 
graphite tube used in the direct 
determination of As, Cu, Fe, Mn, 
and Ni in fuel ethanol (alcoholic 


matrix), employing palladium plus 
magnesium as the modifier, was 
equivalent to 250 firings (23). 
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Books on the AAS, ICP-OES, ICP-MS Techniques 


1. Concepts, Instrumentation and Techniques in 
Atomic Absorption Spectrophotometry 

Authors: Richard D. Beaty and Jack D. Kerber 
Order No. AA-914C (free of charge) 

Ordering information: http://www.las.perkinelmer.com or contact your local 
PerkinElmer representative. 

This book contains theoretical concepts and definitions of the science of atomic spectroscopy: 
atomic emission, atomic absorption, and atomic fluorescence. It also discusses high sensitivity 
sampling systems and the advantages and limitations of the cold vapor mercury, hydride 
generation, and graphite furnace atomic absorption techniques. 

Also discussed are spectral and non-spectral interferences, including the goals and use of the 
stabilized temperature platform furnace (STPF) system. 


2. Analytical Graphite Furnace AAS — A Laboratory Guide 

Authors: G. Schlemmerand B. Radziuk 
Order No. B051-1731 

Ordering and price information: http://www.las.perkinelmer.com or contact your local 
PerkinElmer representative. 

This book provides insight into the theoretical and practical aspect of graphite furnace AA making it the perfect 
reference resource for all laboratories wanting to use their graphite furnace more effectively. 

Using an easy-to-follow style, the reader is guided from method development to calibration and validation of the 
instrument to the use of accessories and software in modern graphite furnace AA. 


3. Concepts, Instrumentation and Techniques in Inductively 
Coupled Plasma Optical Emission Spectrometry 

Authors: Charles B. Boss and Kenneth J. Fredeen 
Order No. 005446B (free of charge) 

Ordering information: http://www.las.perkinelmer.com or contact your local 
PerkinElmer representative. 

This book presents the general characteristics of ICP-OES and ICP-OES instrumentation. It 
discusses ICP-OES methodologies including their application for the analysis of samples in 
the various industries such as agriculture and foods, biological and clinical, geological, 
environmental and water, metals, and organics. 


4. Practical Guide to ICP-MS 

Author: Robert Thomas, Scientific Solutions (www. scientificsolutions1.com) 
Published in 2004 by Marcel Dekker 

Ordering and price information: http://www.crcpress.com/shopping_cart/ 
products/product_detail.asp?sku=DK2933&parent_id=1151 &pc= 

The brand new reference book presents this powerful trace-element technique as a practical 
solution to real-world problems. The basic principles of ion formation/transportation/detection, 
common interferences, peak quantitation, sample preparation, contamination issues, routine 
maintenance and application strengths of ICP-MS are described in a way that is easy to 
understand for both experienced users and novices of the technique. In addition ICP-MS is 
compared with AA and ICP-OES in the areas of detection capability, dynamic range, sample 
throughput, ease of use and cost of ownership. The book concludes with an excellent chapter 
on the most important testing criteria when evaluating commercial instrumentation. 















2008 Winter Conference on 
Plasma Spectrochemistry 

TEMECULA, CALIFORNIA, USA, JANUARY 6-12, 2008 
INFORMATION 

For program, registration, hotel, and transportation details, visit the Conference website: 
http://www-unix.oit.umass.edu/~wc2006 

OR contact: Ramon Barnes, ICP Information Newsletter, Inc., P.O. Box 666, Hadley, MA 
01003-0666, USA 

Tel: 413-256-08942, Fax: 413-256-3746, E-mail: wc2006@chem.umass.edu 

The 15th biennial international Winter Conference will be held at the Pechanga Resort & 

Casino (www.pechanga.com) in Temecula, California, USA (www.temecula.org). 

More than 600 scientists are expected and over 300 papers on modern plasma spectro¬ 
chemistry will be presented. Six plenary lectures and 22 invited speakers will highlight 
critical topics in 12 symposia. 

SYMPOSIUM FEATURES 

• Elemental speciation and sample preparation 

• Excitation mechanisms and plasma phenomena 

• Flow injection and flow processing spectrochemical analysis 

• Glow discharge atomic and mass spectrometry 

• Inductively coupled plasma atomic and mass spectrometry 

• Laser ablation and breakdown spectrometry 

• Microwave atomic and mass spectrometry 

• Plasma chromatographic detectors 

• Plasma instrumentation, microplasmas, automation, and software innovations 

• Sample introduction and transport phenomena 

• Sample preparation, treatment, and automation; high-purity materials 

• Spectrochemical chemometrics, expert systems, and software 

• Spectroscopy standards and reference materials, databases 
•Stable isotope analyses and applications 

•Continuing Education Short Courses, Friday-Sunday, Jan. 4-6 

• Manufacturer's Seminars, Friday-Sunday, Jan. 4-6 

• Annual Golf Tournament, Sunday, Jan. 6 

• Plasma Spectroscopy Instrumentation Exhibition, Tuesday-Thursday, Jan. 8-10 
•Six Provocative Panel Discussions, Daily 

• Workshop on New Plasma Instrumentation, Tuesday-Thursday, Jan. 8-10 
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